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PROCEEDIXGS  OF    THE   TWELFTH  AXXUAL  COXVEXTIOX  OF 

OFFICIAL  AGRICULTURAL  CHEMISTS 

OF  THE  UNITED  STATES. 


FIRST   DAY. 

THURSDAY— MORNING  SESSION. 

The  convention  was  called  to  order  at  10  o'clock  by  the  xiresident, 
Mr.  H.  A.  Huston,  in  the  lecture  room  of  the  l^ational  Museum. 

The  President.  I  believe  it  is  the  custom  to  appoint  two  com- 
mittees at  the  sessions  of  this  association,  one  a  committee  to  incite 
the  Secretary  and  Assistant  Secretary  of  Agriculture  to  attend  the 
meetings,  and  I  will  ask  Mr.  Gaines  and  Mr.  Stubbs  to  serve  on  that 
committee.  The  other  is  upon  the  order  of  business,  and  I  will  ask 
Messrs.  Eawls,  Wintou,  and  Goss  to  act  on  that  committee. 

MEXBEES   AND   VISITOES   PEESEXT. 

President,  H.  A.  Huston,  State  Chemist  of  Indiana,  La  Fayette,  Ind. 
Vice-President.  B.  B.  Boss,  State  Chemist  of  Alabama,  Auburn,  Ala. 
Secretary,  H.  W.  Wiley,  Chief  of  Division   of  Chemistry,  United 
States  Department  of  Agriculture,  Washington,  D.  C. 

Alexander,  J.  P.,  Division  of  Agricultural  Soils,  United  States  Department  of  Agri- 
culture, Washington,  D.  C. 

Anderson,  James  T.,  Agricultural  Experiment  Station,  Auburn,  Ala. 

Bartlett,  J.  M.,  Chemist  Maine  Exj^eriment  Station,  Orono,  Me, 

Beal,  W.  H.,  Office  of  Experiment  Stations,  United  States  Department  of  Agricul- 
ture, Washington,  D.  C. 

Benjamin,  Marcus  Mitchell,  Xew  York. 

Bigelow,  W.  D.,  Division  of  Chemistry,  United  States  Department  of  Agriculture, 
Washington,  D.  C. 

Bomberger,  F.  B.,  Maryland  Agricultural  College,  College  Park,  Md. 

Brown,  W.  G.,  Division  of  Chemistry,  United  States  Department  of  Agriculture, 
Washington,  D.  C. 

Carr,  Oma,  Division  of  Chemistry,  United  States  Department  of  Agriculture,  Wash- 
ington, D.  C. 

Chestnut,  V.  K.,  Bureau  of  Animal  Industry,  United  States  Department  of  Agricul- 
ture, Washington,  D.  C. 

Crampton,  C.  A.,  Treasury  Department,  Washington,  D.  C. 

Croxton,  H.  E.,  Donaldsonville,  La. 

Cutter,  W.  P.,  late  Chemist  Utah  Station,  Librarian  United  States  Department  of 
Agriculture,  Washington,  D.  C. 

Davidson,  R.  J.,  Virginia  Agricultural  Experiment  Station,  Blacksburg.  Va. 


8 

Dorset,  Marion,  United  States  Department  of  Agriculture,  Washington,  D.  Cf. 

Dugan,  John,  Division  of  Chemistry,  United  States  Department  of  Agriculture, 
Washington,  D.  C. 

Ewell,  E.  E.,  Division  of  Chemistry,  United  States  Department  of  Agriculture, 
Washington,  D.  C. 

Frear,  William,  Agricultural  Experiment  Station,  State  College,  Pa. 

Fries,  J.  A.,  Agricultural  Experiment  Station,  State  College,  Pa. 

Gaines,  Richard  H.,  State  Chemist  of  Virginia,  Richmond,  Va. 

Gardner,  F.  D.,  Division  of  Agricultural  Soils,  United  States  Department  of  Agricul- 
ture, Washington,  D.  C. 

Goss,  Arthur,  Mesilla  Park,  N.  Mex. 

Heavener,  J.  G.,  Division  of  Agricultural  Soils,  United  States  Department  of  Agri- 
culture, Washington,  D.  C. 

Herff,  B.  von,  93  Nassau  street.  New  York. 

Hite,  B  H.,  Morgantown,  W.  Va. 

Hutchinson,  W.  L.,  Chemist  State  Agricultural  College,  Agricultural  College,  Miss. 

Kedzie,  R.  C,  Michigan  Agricultural  Experiment  Station,  Agricultural  College,  Mich. 

Kilgore,  B.  W.,  Raleigh,  N.  C. 

Krug,  W.  H.,  Division  of  Chemistry,  United  States  Department  of  Agriculture,  Wash- 
ington, D.  C. 

Lindsey,  J.  B.,  Hatch  Experiment  Station,  Amherst,  Mass. 

McDonnell,  C.  C,  College  Park,  Md. 

McDonnell,  H.  B.,  State  Chemist,  College  Park,  Md. 

McDonnell,  M.  E.,  Pennsylvania  Experiment  Station,  State  College,  Pa. 

McDowell,  M.  S.,  State  College,  Pa. 

McElroy,  K.  P.,  Division  of  Chemistry,  United  States  Department  of  Agriculture, 
Washington,  D.  C. 

Manns,  A.  G.,  Chemist,  Armour  &  Co.,  Chicago,  111. 

Merrill,  L.  H.,  Orono,  Me. 

Mitchell,  A.  S.,  Chemist,  Wisconsin  Dairy  and  Food  Commission,  Milwaukee,  Wis. 

Moore,  Charles  C,  jr.,  Division  of  Chemistry,  United  States  Department  of  Agricul- 
ture, Washington,  D.  C. 

Morse,  F.  W.,  Durham,  N.  H. 

Myers,  John  A.,  Director  Agricultural  Experiment  Station,-Morgautown,  W.  Va. 

Patterson,  H.  J.,  Agricultural  Experiment  Station,  College  Park,  Md. 

Patterson,  L.  G.,  Washington,  Pa. 

Payne,  George  F.,  State  Chemist,  Atlanta,  Ga. 

Peacock,  S.,  Editor  American  Fertilizer,  Philadelphia,  Pa. 

Penny,  C.  L.,  Newark,  Del. 

Persons,  A.  A.,  Florida  Agricultural  College,  Lake  City,  Fla. 

Peter,  A.  M.,  Kentucky  Agricultural  Experiment  Station,  Lexington,  Ky. 

Rawls,  W.  A.,  Tallahassee,  Fla. 

Rosell,  C.  A.  O.,  United  States  Patent  Office,  Washington,  D.  C. 

Runyan,  E.  G.,  Division  of  Chemistry,  United  States  Department  of  Agriculture, 
Washington,  D.  C. 

Sanborn,  T.  F.,  Division  of  Chemistry,  Spreckelsville,  Maui,  Hawaiian  Islands. 

Sherman,  H.  C,  Maryland  Agricultural  College,  College  Park,  Md. 

Skinner,  W.,  Maryland  Agricultural  College,  College  Park,  Md. 

Street,  J.  P.,  Agricultural  Experiment  Station,  New  Brunswick,  N.  J. 

Stubbs,  W.  C,  Director  Louisiana  Experiment  Stations,  Audubon  Park,  New  Orleans, 
La. 

Tassin,  Wirt,  United  States  National  Museum,  Washington,  D.  C. 

Terne,  Bruno,  Philadelphia,  Pa. 

Trescot,  T.  C,  Division  of  Chemistry,  United  States  Department  of  Agriculture, 
Washington,  D.  C. 


"Van  Slyke,  L.  L.,  Agricnltnral  Experiment  Station,  Geneva,  N.  Y. 
Veitch,  J.  P.,  Maryland  Agricultural  College,  College  Park,  Md. 
Westenfelder,  B.  D.,  American  Oak  Leather  Company,  Cincinnati,  Ohio. 
Wheeler,  H.  J.,  Chemist,  Rhode  Island  Experiment  Station,  Kingston,  R.  I. 
TMaitney,  Milton,  Chief  Division  of  Agricultural  Soils,  United  States  Department  of 

Agriculture,  Washington,  D.  C. 
Wilkinson,  J.  F.,  Capitol  Building,  Atlanta,  Ga. 
Willits,  Edwin,  Washington,  D.  C. 
Winton,  A.  L.,  New  Haven,  Conn. 
Wolif,  jr.,  Frank  A. 
Woods,  C.  D.,  Middletown,  Conn. 

ADDRESS    OF   THE    PRESIDENT. 

Gentlemen  of  the  Association  :  The  experience  of  the  last  few 
meetings  of  this  association  indicates  the  advisability  of  consuming  as 
little  time  as  possible  in  listening  to  any  preliminary  remarks  by  the 
presiding  officer.  Too  much  work  has  been  crowded  into  our  final  ses- 
sions, and  throughout  our  meetings  it  has  often  happened  that  the 
lack  of  time  has  led  some  to  i:)resent  papers  by  title  only.  A  paper  so 
presented  can  not  be  properly  discussed,  and  while  such  a  jDroceeding 
saves  time  it  defeats  the  object  of  the  second  section  of  article  1  of 
our  constitution,  which  is  to  afford  an  opportunity  for  discussion  of 
matters  of  interest  to  agricultural  chemists. 

The  opportunity  for  discussion  is  an  important  element  in  securing  a 
satisfactory  attendance  at  our  meetings,  and  it  should  not  be  unneces- 
sarily abridged.  If  the  association  is  to  maintain  its  influence,  time 
must  be  given  for  the  consideration  of  every  important  fact  having  a 
direct  bearing  on  our  work. 

The  association  has  always  been  ready  to  imi)rove  its  organic  law,  as 
expressed  in  its  constitution,  whenever  such  changes  seemed  demanded. 
It  is  suggested  that  the  second  paragTaph  of  article  4,  which  now 
requires  all  reporters  to  send  out  samples,  standard  reagents,  and 
reports  blanks,  should  be  so  amended  as  to  make  these  acts  discretion- 
ary with  the  reporters,  as  in  certain  lines  of  work  it  has  been  found 
unprofitable  and  well-nigh  impossible  to  distribute  samj^les. 

Article  6  provides  that  the  annual  meeting  of  the  association  shall  be 
held  at  such  place  as  shall  be  decided  on  by  the  association.  I  can  find 
no  record  of  any  action  by  the  association  locating  a  meeting.  The 
meetings  have  been  called  by  the  executive  committee,  and  it  may  be 
well  to  change  the  article  to  make  such  a  call  regular  in  case  the  asso- 
ciation does  not  desire  to  locate  the  next  meeting  before  adjourning. 

Article  7,  relating  to  changes  in  methods  of  fertilizer  analyses, 
requires  such  changes  to  be  made  by  unanimous  consent,  unless  an 
opportunity  has  been  given  to  all  fertilizer  control  chemists  to  test  the 
proposed  changes.  The  question  has  arisen  whether  such  changes 
must  have  been  proposed  at  a  meeting  of  the  association,  or  whether  it 
will  be  considered  that  a  notice  from  a  reporter  or  member  to  the  other 
members  of  the  association  shall  be  considered  as  giving  the  recpiired 
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opportunity.  It  miglit  be  well  to  settle  this  matter  at  once,  so  that 
reporters  and  members  will  know  how  to  proceed  in  case  changes  are 
found  desirable.  The  point  here  made  may,  at  first  sight,  seem  one  of 
minor  importance;  but  the  past  history  of  the  association  shows  that 
article  7  of  the  constitution  was  adopted  none  too  soon.  We  must  keep 
in  mind  that  the  first  object  in  change  of  method  is  to  obtain  accuracy 
within  reasonable  limits.  However  attractive  time  and  labor  saving 
methods  may  be  to  the  busy  analyst,  the  association  must  not  let  these 
considerations  outweigh  considerations  of  correct  methods  of  work. 
The  reputation  of  the  association  requires  that  the  methods  that  obtain 
its  sanction  should  be  as  nearly  correct  for  the  purposes  for  which  they 
were  devised  as  the  present  state  of  science  will  i^ermit. 

The  work  of  investigators  of  methods  of  analysis  necessarily  leads 
them  into  matters  of  minute  detail.  We  sometimes  get  so  close  to  our 
work  as  to  narrow  our  horizon,  and  for  the  time  being  lose  sight  of 
broader  fundamental  principles. 

The  question  of  "available"  phosphoric  acid  has  occupied  a  large 
share  of  the  attention  of  this  association  in  the  past,  and  must  do  so  in 
the  future.  The  methods  of  analysis  of  phosphates  have  been  changed 
repeatedly.  After  a  careful  consideration  of  the  subject,  I  am  of  the 
opinion  that  one  of  the  best  courses  of  training  for  one  contemplating 
a  proposition  to  change  the  methods  of  analysis  of  phosphates  is  to 
read  all  the  proceedings  and  papers  of  this  association  relating  to  phos- 
phates, including  the  proceedings  of  the  Atlanta  convention  of  May  15 
and  16,  1884. 

Eecent  work  would  seem  to  indicate  that  a  distinction  will  have  to 
be  made  between  the  available  in  real  superphosphates  and  in  non- 
acidulated  goods,  and  that,  in  order  to  make  laboratory  determinations 
a  reliable  indicator  of  field  results,  different  methods  may  have  to  be 
applied  to  the  different  classes  of  goods. 

While  there  seems  no  pressing  necessity  for  an  immediate  change  in 
the  method  for  determining  available  phosphoric  acid,  the  fact  that  new 
forms  of  phosphates  are  constantly  coming  on  the  market  requires  us 
to  investigate  the  laboratory  and  field  behavior  of  these  substances 
with  a  view  of  ascertaining  proper  methods  of  valuing  them  when  they 
come  to  us  either  alone  or  in  mixed  goods. 

A  young  lady  recently  returned  from  the  blue-grass  region,  on  being 
asked  for  her  impression  of  the  State,  said  that  it  seemed  to  be  a  place 
where  they  educated  their  horses  and  let  the  men  just  grow  up.  This 
association  seems  to  be  in  a  somewhat  analogous  position  on  the  food 
question.  For,  while  our  reports  abound  in  researches  on  food  for  live 
stock,  the  only  work  on  the  food  for  man  is  represented  in  the  reports 
on  dairy  products  and  sugar,  and  as  a  rule  comparatively  few  of  us 
contribute  to  either  of  these  branches.  Even  the  question  of  hotel 
accommodations  was  referred  to  committee  on  fermented  and  distilled 
liquors. 
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Onr  constitation  was  revised  in  1885  so  as  to  include  in  our  member- 
ship municipal  cliemists,  wliose  duties  include  inspection  of  very  many 
articles  of  human  food.  The  association  might  extend  its  usefulness 
by  giving  some  attention  to  the  subject  of  the  examination  of  many 
kinds  of  human'food,  which  we  all  know  will  hardly  bear  close  scrutiny. 
Possibly  the  elaborate  and  very  valuable  work  done  by  the  Division  of 
Chemistry  of  the  Department  of  Agriculture  has  seemed  so  complete 
that  it  seems  unnecessary  for  the  rest  of  us  to  direct  much  attention 
to  the  subject.  But  it  is  possible  that  if  this  association,  with  its 
membership  representing  all  parts  of  the  country,  should  have  an  able 
committee  considering  the  matter,  it  might  afford  technical  assistance 
and  strong  moral  support  to  the  municipal  chemist  struggling  to  do 
honest  work,  often  in  conflict  with  alleged  exi)erts,  and  also  exert  a 
restraining  influence  on  some  whose  work  is  sometimes  tainted  with 
sensationalism. 

The  question  of  what  substances  may  be  considered  as  x^roper  jjre- 
servatives  of  food  materials  is  daily  becoming  of  more  importance,  and 
as  very  many  of  us  are  called  to  pass  on  the  matter  in  our  work  it 
would  be  of  great  assistance  to  have  some  expression  of  this  associa- 
tion in  regard  to  the  matter.  The  reckless  manner  in  which  all  sorts 
of  substances  are  added  to  food  material,  either  to  prevent  fermenta- 
tion or  to  conceal  bad  quality,  merits  our  serious  consideration. 

The  association  is  to  be  congTatulated  on  the  willingness  of  its  mem- 
bers to  abandon  a  position  already  assumed  when  new  facts  are  brought 
to  light  requiring  a  change  of  view.  The  future  strength  of  the  asso- 
ciation depends  in  no  small  degree  on  a  continuance  of  this  attitude. 

At  our  last  meeting  it  was  voted  to  create  a  new  committee  to  act 
on  the  recommendation  of  reporters  for  changes  in  the  methods  of 
analysis,  and  on  this  committee  I  will  ask  Messrs.  Lindsey.  Peter, 
Patterson,  and  Wheeler  to  serve.  I  believe  it  is  understood  that  the 
reporter  whose  recommendation  is  under  consideration  shall  meet  with 
that  committee.  It  seems  impracticable  to  draw  out  his  reasons  for  the 
recommendations  he  makes  in  any  other  way. 

The  business  of  the  association  can  hardly  proceed,  I  think,  until  we 
have  some  report  from  the  committee  upon  the  order  of  business. 

Mr.  Myers.  I  move  that  a  recess  of  fifteen  minutes  be  taken  to  allow 
the  committee  to  consider  the  matter  and  prepare  a  report. 

A  recess  of  fifteen  minutes  was  taken. 

THURSDAY— AFTER  RECESS. 

The  President.  The  following  is  the  committee's  report  for  the  order 
of  business:  First,  report  on  potash;  second,  report  on  food  and  feed- 
ing stuffs;  third,  soils  and  ash;  fourth,  phosphoric  acid;  fifth,  report  of 
abstract  committee;  sixth,  fermented  and  distilled  liquors;  seventh, 
nitrogen;  eighth,  dairy  products;  ninth,  sugars.    Election  of  officers  to 
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be  tlie  special  order  for  Friday,  the  6t]i,  at  3  p.  m.  Hours  of  meeting, 
9.30  a.  m.  to  12.30  p.  m;  1.30  p.  m.  to  adjournmeiit. 

The  report  of  the  committee  was  adopted. 

The  President.  I  would  like  to  ask  the  visiting  chemists  and  mem- 
bers connected  with  the  industries  in  which  our  work  is  of  interest  to 
be  present  with  us  and  register,  and  to  take  part  in  the  discussions.  I 
would  also  call  attention  to  the  fact  that  municipal  chemists  charged 
with  the  control  of  food  products  are  eligible  to  membership  in  this 
association. 

At  this  moment  the  Secretary  of  Agriculture  entered  the  hall. 

The  President.  The  Secretary  of  Agriculture  is  present,  and  I  know 
you  will  be  glad  to  see  him  and  hear  any  remarks  which  he  will  be 
kind  enough  to  make.  I  have  the  honor  to  introduce  the  Honorable 
Secretary  of  Agriculture. 

REMARKS  OF  SECRETARY  MORTON. 

Mr.  President  and  Gentlemen  of  the  Association  of  Offi- 
cial Agricultural  Chemists  :  I  was  rather  unexpectedly  drafted 
into  this  position  by  Dr.  Kedzie  and  Dr.  Stubbs.  I  should  much  prefer  to 
have  had  the  Assistant  Secretary  of  Agriculture,  Dr.  Charles  W.  Dab- 
ney,  jr.,  here  instead  of  myself.  The  truth  is,  I  have  not  been  in  the  habit 
of  appearing  before  chemists  conducting  original  investigations.  My 
line  of  life,  pioneering  the  transmissouri  country  in  I^ebraska  since  1854, 
frequently  brought  me  in  antagonistic  contact  with  some  of  those  Indians 
whose  portraits  you  see  hanging  about  on  the  walls  of  this  room.  Aud 
although  they  made  ahorigmal  biological  investigations  instead  of 
original,  I  should  not  be  as  nervous  in  speaking  at  an  Indian  council 
as  I  am  before  your  body  of  original  research.  However,  1  must  wel- 
come you,  gentlemen,  as  the  forerunners  of  that  time  when  the  farmer, 
like  the  lawyer  and  the  i^hysician,  shall  be  educated  for  his  profession. 
I  do  believe  that,  with  the  intense  competition  in  all  the  markets 
of  the  world  for  the  sale  of  farm  products,  the  time  is  not  distant  when 
it  will  be  considered  as  perfectly  absurd  for  a  man  to  undertake  farming 
except  scientifically,  and  with  a  thorough  knowledge  of  chemistry  as 
applied  to  agriculture,  and  of  nearly  all  the  sciences  applicable  to 
agriculture,  as  it  would  be  for  an  individual  to  attempt  the  practice  of 
any  ])rofession  without  having  taken  a  special  course  therefor. 

The  farmers  of  the  United  States  now  need  more  markets  rather 
than  more  crops.  Information  comes  from  Eussia  to  the  effect  that 
their  wheat  crop  is  simply  enormous,  and  (as  I  showed  Dr.  Kedzie  yes- 
terday) a  letter  written  me  on  the  13th  of  last  mouth  by  the  agent  of 
the  McCormick  manufacturing  establishment  located  at  Odessa  states 
that  they  thrash  frequently  75  bushels  of  wheat  from  a  single  acre  in 
Eussia.  And  in  that  Empire  much  of  the  wheat  of  1893  is  still  in  stack 
unthrashed,  awaiting  better  markets  in  Europe. 

From  Argentina  a  letter  dated  the  17th  of  last  month  declares  equal 
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competition  in  the  wheat  markets  of  the  world  and  likewise  in  the 
cattle  markets  of  Europe.  Argentina  shipments  of  cattle  this  year,  it 
is  estimated,  will  amount  to  260,000  head  of  live  animals,  to  say  nothing 
of  refrigerated  meats.  Thus  it  is  absolutely  necessary  that  American 
farmers  be  educated  in  all  that  appertains  to  the  science  of  agriculture 
in  order  that  they  may  successfully  meet  this  intense  competition  the 
world  over.  In  view  of  these  facts,  the  experiment  stations  in  the 
several  States  and  Territories  are,  no  doubt,  the  most  potent  influences 
to  properly  prej^are  American  farmers  for  this  contest  as  to  markets. 
The  strife  between  the  commercial  nations  of  the  earth  is  to  see  who 
shall  most  feed  and  most  clothe  mankind.  We  are  all  brothers  in  this 
great,  tumultuous,  peaceful  contention.  We  are  all  Gains  and  Abels 
making  offerings  of  our  products.  This  contest  is  now  growing  every- 
where closer  and  closer  and  more  intense,  and  therefore  it  is  safe  to  say 
that  the  agricultural  producers  who  are  best  equipped,  best  educated 
by  experiment  stations,  scientific  men,  and  original  investigations,  will 
nearest  win  and  hold  the  world's  markets. 

The  experiment  stations  are,  by  a  permanent  appropriation,  main- 
tained with  the  agricultural  colleges  out  of  the  money  in  the  United 
States  Treasury  from  the  sale  of  public  lands  not  otherwise  appro- 
priated. The  time  is  not  distant  when  tbere  will  be  no  money  in  the 
Treasury  of  the  United  States  from  the  sale  of  public  lands.  Then 
each  State  will  undoubtedly  have  to  take  care  of  its  own  experiment 
station  out  of  its  own  treasury. 

The  experiment  stations  have  for  me  a  very  attractive  side,  for  1 
think  through  them  all  new,  rare,  and  improved  varieties  of  seeds 
should  be  tested,  and  that  any  appropriation  that  the  National  Govern- 
ment may  determine  to  make  hereafter  for  the  introduction  of  new  and 
improved  varieties  should  be  made  directly  to  the  experiment  stations, 
for  the  reason  that  these  stations,  in  charge  of  men  educated  particu- 
larly for  that  purpose,  will  best  know  what  to  try  in  each  environment 
and  soil.  I  think  it  quite  possible  that  in  the  near  future  such  seed  appro- 
priations, if  made  at  all,  may  be  made  to  the  stations.  Then  seeds 
imported  will  be  sent  directly  to  each  of  the  stations.  Then  through 
their  scientific  handling  and  examination,  we  shall  avoid  the  distribution 
of  such  i^ests  as  the  Eussian  thistle  and  other  vicious  exotics  which 
we  have  brought  in  heretofore  in  unexamined  seeds,  which  at  a  great 
cost  have  been  promiscuously  scattered  over  the  country. 

Gentlemen,  I  heartily  welcome  you  to  the  Department  of  Agriculture, 
and  assure  you  that  Dr.  Dabney  and  myself  will  in  every  possible 
lawful  manner  do  all  we  can  to  entertain  you  and  to  promote  the  vast 
and  vital  interests  permanently  which  you  are  charged  to  conserve. 

Mr.  Stubbs.  The  committee  appointed  to  invite  the  Secretary  and 
Assistant  Secretary  would  desire  to  make  a  supplementary  report  that 
the  Assistant  Secretary  was  invited,  but  he  was  so  busy  he  could  not 
attend.    He  sends  his  regrets. 
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At  the  conclusion  of  the  Secretary's  remarks,  Mr.  Wheeler  read  the 
report  on  potash. 

EEPOET  ON  POTASH. 

By  H.  J.  Wheeler,  reporter,  and  A.  L.  Winton,  associate  reporter. 

On  November  17, 1894,  a  circular  letter  asking  for  cooioeration  in  the  potash  investi- 
gation for  1895  Avas  sent  to  over  fifty  American  chemists,  and  a  favorable  response  was 
received  from  twenty-one.  Thirty-one  sets  of  material  were  sent  out  on  January 
23,  1895,  including  ten  for  distribution  among  foreign  chemists. 

Only  eleven  reports  were  received  in  season  for  tabulation  and  incorporation  in 
this  report. 

The  outline  of  the  work  and  directions  for  the  same  are  embodied  in  the  following 
circular  letter  which  accompanied  the  sample: 

Kingston,  E.  I.,  January  23,  1895. 
Dear  Sir  :  I  send  you  to-day  by  express  for  the  work  on  potash  for  the  A.  O.  A.  C, 
two  bottles  of  material.  One  contains  a  sample  of  potassium  chlorid  and  the  other 
a  solution  of  "impurities"  containing  sulphuric  acid,  hydrochloric  acid,  phosphoric 
acid,  nitric  acid,  lime,  magnesia,  soda,  and  organic  matter  in  form  of  cane  sugar. 
In  the  preparation  of  the  "impurities"  only  so-called  c.  p.  reagents  were  employed. 
Larger  quantities  of  phosphoric  acid  and  sulphuric  acid  have  been  introduced  in 
the  "impurities"  than  in  those  of  1894. 

AMOUNT  OF  KCl  TO  BE  USED  IN  THE  TEST. 

Employ  approximately  0.5  of  a  gram  of  KCl  salt  in  each  test.  Pour  out  the  salt 
from  the  rubber  stoppered  bottle,  ascertaining  the  exact  weight  of  salt  used  by 
difference;  or  transfer  the  entire  amount  of  KCl  to  a  tight  weighing  bottle  at  the 
outstart,  and  proceed  then  in  a  similar  manner.  It  is  important  that  the  same 
quantity  of  PtCl^  solution  be  employed  in  each  test,  and  for  this  reason  it  would  be 
advisable  to  use  the  balance  as  a  guide  in  pouring  out  the  KCl,  so  that  approxi- 
mately 0.5  of  a  gram  will  be  secured  in  each  case.  Do  not  attempt  to  weigh  out 
exactly  0.5  of  a  gram. 

A. — Tests  Ijy  alternate  method  (Proceedings  Eleventh  Annual  Convention  A.O.  A.C.j 
p. 350) : 

(1)  Employ  approximately  0.5  gram  of  KCl  and  20  cc  of  the  impurities. 

(2)  Employ  20  cc  of  the  impurities. 

(3)  Employ  distilled  water,  using  the  same  amounts  of  BaClj  andBa(0H)2  as  in  (1) 
and  (2),  and  as  much  (NH4)2  CO3  as  necessary. 

(4)  Evaporate  the  solution  of  the  KCl  with  PtCU  solution,  and  finish  the  test  as 
above. 

(5)  Evaporate  same  amount  of  PtCl4  as  emx:)loyed  in  the  above  tests,  without  KCl, 
and  finish  the  test  as  above. 

B. — Tests  by  Liudo-Gladding  method  (Proceedings  Eleventh  Annual  Convention 
A.  O.  A.  C,  p.  349): 

(1)  Take  approximately  3  grams  of  the  KCl  and  120  cc  of  the  impurities,  and 
dilute  the  mixture  somewhat,  yet  not  so  much  as  not  to  allow  of  the  addition  of  the 
necessary  ammonia  and  ammonium  oxalate  (which  are  to  be  added  to  the  hot  solu- 
tion), so"^  that  the  whole  can  finally  be  made  up  to  300  cc  after  cooling.  Filter 
through  a  dry  filter,  and  employ  50  cc  of  this  solution  in  each  case  for  the  comple- 
tion of  each  test. 

(2)  Take  120  cc  of  impurities  and  enough  distilled  water  so  that  the  heated  solu- 
tion will  be  of  about  the  same  volume  as  in  (1) ;  add  ammonia  and  ammonium  oxalate 
and  j)roceed  as  iu  (1). 

(3)  Add  to  the  ammonia  and  ammonium  oxalate  sufficient  distilled  water  to  equal 
300  cc;  then  take  50  cc  of  this  solution  and  proceed  as  in  (1)  and  (2). 

(4)  Evaporate  a  solution  of  0.5  of  a  gram  of  KCl  with  PtCl4  solution,  and  finish  the 
test  as  above. 

(5)  Evaporate  the  same  amount  of  PtCl4  solution  as  employed  in  the  above  tests, 
without  addition  of  KCl,  and  finish  the  test  as  above.  Test  in  addition,  if  you  can, 
the  use  of  CaCl;:,  as  suggested  by  Huston.  (Proceedings  Eleventh  Annual  Conven- 
tion A.  O.  A.  C,  p.  26.)  Consult  results  by  De  Eoode  in  this  connection  (Jour.  Am. 
Chem.  Soc,  Vol.  XVII,  No.  1,  Jan.,  1895,  p.  46): 

Moisture  test. — The  samples  sent  out  are  uniform  in  moisture,  and  if  the  samples 
are  handled  as  directed  the  tests  by  the  reporters  will  be  used  for  reduction  to  a 
dry  basis. 
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Directions. — Omit  washing  with  ether  in  the  alternate  method.  By  an  oversight 
of  the  reporter  for  1894  this  was  not  left  out  of  the  method,  as  it  should  have  been. 
At  the  outstart  make  sure  that  you  have  enough  of  each  of  the  reagents  on  hand  so 
that  the  same  lot  may  serve  for  all  of  the  tests.  In  the  case  of  each  method  use  the 
same  amounts  of  reagents  for  all  of  the  tests  given  under  that  method  (excepting 
test  (3)  under  A,  as  there  specified),  and  to  this  end  make  tests  (1)  under  each  method 
at  the  outstart,  to  determine  the  amount  of  reagents  required.  Owing  to  the  difier- 
ence  in  the  methods  and  the  fact  that  in  that  of  Lindo-Gladding  the  amount  of 
potash  must  be  measured  in  solution  by  a  pipette,  instead  of  directly  by  weight,  as  by 
tbe  alternate  method,  a  test  of  tbe  measuring  flask  and  pipette  employed  sliould  be 
made  as  follows :  Take  approximately  3  grams  of  KCl,  the  exact  weight  of  which  is 
determiued  by  difference,  dissolve  and  make  up  to  300  cc  and  evaporate  an  aliquot 
part,  using  the  same  flask  and  pipette  as  above  indicated.  Heat  until  absolutely 
dry,  and  weigh.  Report  the  weight  of  KCl  employed  and  that  finally  obtained.  For 
the  sake  of  perfect  uniformity  in  the  work,  please  follow  strictly  the  methods  as  laid 
down  by  the  A.  O.  A.  C.  (except  where  they  conflict  with  those  given),  taking 
especial  care  when  evaporating  with  PtCl^  solution  to  remove  from  the  water  bath 
just  as  soon  as  the  point  is  reached  at  which  the  material  will  entirely  crystallize 
upon  cooling.  Do  not  allow  the  solution  to  come  to  dryness  on  the  water  bath.  If 
not  convenient  to  treat  with  alcohol  at  once,  place  in  a  desiccator,  to  prevent  absorp- 
tion of  moisture.  In  regard  to  the  treatment  with  80  per  cent  alcohol,  we  would 
advise  the  following  method :  When  cool,  add  about  30  cc  of  alcohol,  pulverize  the 
salt,  and  let  stand  about  twenty  minut(!8  with  frequent  stirring,  decant  on  filter, 
wash  by  decantation  with  successive  portions  of  about  10  cc  of  alcohol,  allowing 
each  portion  to  remain  in  contact  with  the  salt  for  about  two  or  three  minutes,  stir- 
ring frequently.  Complete  the  washing  as  directed  in  the  proceedings  of  the 
A.  O.  A.  C,  excepting  the  use  of  ether,  as  above  mentioned.  Do  not  collect  two  or 
more  precipitates  uj)on  the  same  filter,  but  prepare  a  new  Gooch  filter  for  each  pre- 
cipitate, washing  with  the  same  solutions  as  used  subsequently.  Dry  in  water  bath 
to  constant  weight.  The  solution  to  which  the  PtCl4  solution  is  added  should 
amount  to  about  50  cc  in  each  case. 

If,  upon  the  completion  of  all  the  work  outlined  above,  you  have  sufficient  material 
and  time,  we  would  suggest  that  you  make  additional  tests  by  either  the  barium 
oxalate  method  of  Schweitzer  and  Lungwitz  (Chem.  Zeit.  Aug.,  1894,  p.  1320),  or 
that  of  Garrigues  (Jour.  Am.  Chem.  Soc,  Vol.  XVII,  Jan.,  1895,  p.  47).  If  you  desire 
to  try  comparative  tests  by  these  methods,  the  reporter  will  furnish  directions  for 
procedure  upon  application,  so  that  the  work  may  be  conducted  in  a  uniform  manner, 
and  thus  be  comparable  with  other  results.  Additional  quantities  of  impurities  can 
be  furnished  if  desired.  Report  weights  of  KCl  used  and  of  K^PtCla  obtained  by 
July  1.  Avoid  deviating  from  the  directions,  but,  if  forced  to,  state  all  details  relat- 
ing thereto. 

H.  J.  Wheeler,  Reporter. 
A.  L.  WiNTOX,  Asst.  Reporter. 

The  following  chemicals  were  used  in  the  preparation  of  40  liters  of  the  above- 
mentioned  impurities : 

240  grams  c.  p.  tricalcic  phosphate. 
344  grams  c.  p.  sulfuric  acid  1.84  sp.  gr. 
262  grams  c.  p.  magnesium  chlorid. 
164  grams  cane  sugar. 

The  sulfuric  acid  was  allowed  to  act  upon  the  tricalcic  phosphate  first  in  concen- 
trated solution.  It  was  then  almost  fully  diluted  and  allowed  to  stand  some  days 
with  frequent  agitation,  the  remaining  ingredients  were  then  added,  the  solution 
was  passed  through  a  filter,  and  sterilized  when  bottled. 

Twenty  cubic  centimeters  of  the  above  solution  (the  amount  employed  in  each 
determination)  was  found  to  contain  the  following: 

Calcium  oxid 0.0198 

Magnesium  oxid 0245 

Sodium  oxid 0304 

Phosphoric  acid  (P^O^) 0484 

Sulfuric  acid  (SO-j) 2249 

The  amount  of  calcium  oxid  is  about  one-third  of  that  present  in  the  impurities 
used  in  1894,  the  magnesium  oxid  practically  the  same,  the  phosphoric  acid  slightly 
less,  and  sulfuric  acid  about  six  times  as  great. 

The  foUowing  table  shows  the  results  reported  by  the  individual  chemists : 


16 


''"^  05 

•a  I 

i  I 

•§  a 


1 

h4 

T-i    in    -*    -* 

ci    ai    tA    vA 

© 

d 

!^ 

m 
© 

© 

^ 

\ 

in    rH 
d    d 

d 

m 

©    CO    in 

r-i     d     d 

6 

1 
> 

d 

Si 

Ot~lO00TH,-iaD(N 

rH      rH      CO      CO     Co"    CO     iH     r-T 

in    00 

d    CO 

CO     ©      t-     CO      (M      © 

co'    CO    ci    -*    M    (m" 

t-       t-       t-       (M       C<1       rH 

O      ©      -      ©      O      00 

CO         '< 

^    : 

So     • 

l| 

-*OOOOO00O 

©      IM 

d   t>: 

in    S 

o    ©    o    ©    ©    © 

?,  M  §.  M  %  ^ 

i    : 

< 

OS      00 

in    T)! 

Co"     CO 

00 

CI    ©     o 

S    S    g 

©CO      © 

t-    cj    in 
^    S    S" 

©      ©      rH 
rH"     ,-r     IM~ 

CO 
OO 

©    '• 

in      • 

^1 

©    o 

CO 

in 

t-      N     00 

©      ©      00 

in 

CO        ■ 

00 

^       ■ 

1 

k4 

o    in    o    o 

(tJ      C^      r-H      Cq 

©      ©      rH 
<^      O      ^ 

t-     00      ^ 
r-5      r-5      N 

O      O 

^ 

< 

-*    in    t-    (M 

^      r-;      CO      CO 

00    in 

CO      ©      CO 
©■      ©      -* 

2 

Blank  impuri- 
ties and  re- 
agents. 

6 
k4 

O     O     CO     o 

in    in    t-^    o 

© 
d 

00©-5)<t--^r-(MOO?q 

inddrHr-^rndd-i-" 

< 

^      OO      O      IM 

;^      ^      00      ^ 

(M 

©    in    © 
^    ^    4 

©      OC      © 

^  s  ^' 

1 
KCl  and  impurities. 

9 

(-5 

§1 

in    ^    CO    o 
§    §    1    1 

r-T     r-T     CO      CO 

'di    in    CO 

rH      -*      rH 
S      00      S 

t-00-<J(Ot-C0OTH(M 

COrHOt-^incirHdco" 
©-*lMC;]NC-](M(MO 

c-oc-©©o©©in 

in 

© 

o 
in 

©    © 
in    in 

r-l"     rH 

6g 

(M      (M      O      O 

00    oc     o     d 

CO     CO     o     o 
in    in    ©    o 

c-^    r-^    t-^ 

in    m    in 
in    in    in 

iMiniM©©©©©© 

C\I©CO©©©©©00 

inininininininun-* 

s 

^ 

©   © 

00     oc 

6'S 

O      O      00 
O     O      CO 

S  i^  ?5 

CO     O     rH     t-     -*     © 

rH       r-T     rH       rH       rH       rH" 

CO     <N      O      Oi      t-     CO 
O      O      OO      l>-      00     00 

i| 

in    00    o 

CO      ^      ©      CO      ©      rH 
d     CO     d     CO     d     go 

©  ©  © 

ill 

©■ 

i 

e 

1 

^ 

P- 

J 

'c 
c 

d 

1 

i 

o 

a 

6 

.1 

1 

•S 
p 
•5) 

1 

1 
> 

1 

3 

"5 

s 

< 

a 

o 

1 

CO 

ce 
s 

1 
1 

a: 

1 
3 

< 

O 

1 

g 

1 

1 

'S 

0 

a 
2 

17 


►-5 

'^     00 

C5     d 

= 

^' 

'^ 

^ 

o    © 

o    o    r: 

d  d  d 

1 

u       j 

o    o    o 

^  ^  i 

o    o    o 

(M     O      05 

5 
o 

M 

sj 

o    o    o 

ill 

es     O     '^ 

Hi 

1 

ovaporatio 

i1 

«•      «<! 

CI     O     (M     t-     lO     «) 

i  i  1  i  g;  g; 

1 

H,  Si 

LI       O       C       t~      «ft       TJl 

'd:    --■    ci    !m'    lO    CO 

g  g  ^^  g  s  s 

1 

1 

^^      1     o    » 

~      i 

d 

7>      ^ 

ci 

-•Ml   2 

J-         1        CiOMt-00-*O 

00     o 

.      1     «    o 

ac 

d  t-;  ~5 

1 

9 

h5 

-5^ 

Si 

i  g 

C5    c;    o    ^    o 
t-^    d    c-3    ^'    d 
o    o    o    2    -5 

58 
«1 

o    o 

o    o    o    o    o    o    © 

■    §    g    §    §    §    o    d       ^ 

io    lo    lo    o    la    lo    o 

5  "S       '^   " 

3*1    ^'  ^' 

!    2 

o    tc    » 

S  is 

'•      1 

;<1 

3  s 

i  i 

,-1     O      M 

00  <N  t-: 

S  ^  g 

2 
1 

1 

1 

>> 

5 
p. 

j 

1 
c 

r 
4 

" 

< 

1 

7388— Xo.  4' 


18 


DETAILS   FROM  INDIVIDUAL   ANALYSTS   RELATING  TO   DATA   IN   THE  ABOVE    TABLE. 

A.  L.  Winton,  in  tlie  alternate  method^  after  ignition,  dissolved  in  hot  water^  added 
a  drop  of  ammonium  carbonate,  filtered,  evaporated,  and  reignited.  The  double 
salt  was  dried  two  hours  at  100°. 

In  the  Lindo-Gladdiug  method  the  pipette  used  for  measuring  out  the  aliquot 
portions  was  rinsed  with  water,  so  as  to  include  any  solution  which  might  cling  to 
the  sides.  Seventy  cc  of  ammonium  chlorid  wash  was  drawn  through  the  double 
salt,  which  was  then  washed  with  80  per  cent  alcohol. 

W.  M.  Allen. — In  the  Lindo-Gladding  method  the  solutions  were  diluted  to  400  cc, 
and  50  cc  were  taken.  Only  0.3  gram  of  KCl  was  used  for  direct  evaporation  with 
PtCl4  solution.     The  results  were  reported  as  given  in  Table  A. 

W.  G.  Brown  reports  two  nonconcordant  results  (not  tabulated)  by  tlje  alternate 
method,  supposed  to  be  due  to  insufficient  washing  of  the  precipitate  obtained  on 
the  addition  of  barium  chlorid  and  barium  hydroxid.  In  obtaining  the  results 
reported,  washing  was  continued  until,  after  acidifying  with  nitric  acid,  silver  nitrate 
showed  the  absence  of  chlorin.  In  the  Lindo-Gladding  method,  under  test  1,  2.9086 
grams  of  KCl  were  dissolved  in  300  cc  of  water,  and  50  cc  taken  by  measure  for 
each  test.  Using  the  same  flask  and  pipette,  3.3540  grams  of  KCl  were  made  up  to 
300  cc ;  two  lots  of  50  cc  each  were  then  measured  out,  evaporated  to  dryness,  and 
ignited  at  low  redness,  yielding  respectively  0.5550  and  0.5557  gram  of  KCl. 

JoJin  P.  Street  employed  amounts  of  KCl  approximating  0.5  gram,  but  calculated 
them  to  a  uniform  basis  in  reporting. 

J.  B.  Lindsey  weighed  out  exactly  0.5  gram  of  KCl  for  his  determinations.  He 
also  reports  that  considerable  difficulty  was  encountered  in  obtaining  parallels  by 
the  Lindo-Gladding  method  until  washing  by  decantation  was  resorted  to  in  lieu  of 
washing  on  the  Gooch  filter. 

G.  William  Gray  reports  that  the  KCl  as  employed  by  him  was  dried  at  140°  and 
the  results  are  reported  upon  a  dry  basis.  In  the  Lindo-Gladding  method  the  heat- 
ing, after  adding  H.2SO4,  was  conducted  in  an  air  bath  until  charring  ensued,  and 
then  in  a  muffle  furnace.  In  the  alternate  method  a  similar  course  of  heating  was 
followed,  care  being  taken  to  keep  the  muffle  furnace  just  below  redness. 

F.  P.  Veitch  states  that  in  the  Lindo-Gladdiug  method  the  precipitates  were  washed 
with  the  ammonium  chlorid  solution  four  times  each  by  decantation.  Attention 
is  called  to  the  lower  results  in  test  1  by  the  alternate  method,  supposed  to  be 
due  to  loss  by  ignition  or  occlusion,  for  the  precipitates  were  washed  until  free 
from  chlorids.  He  states  that  the  platinum  dishes  ased  for  three  years  for  the 
Lindo-Gladding  potash  determinations  are,  with  one  or  two  unimportant  exceptions, 
uninjured. 

TV.  A.  Poivers,  in  testing  his  flask  and  pipette,  dissolved  4.3798  grams  of  KCl,  and 
njade  up  the  whole  to  500  cc.  Upon  evaporating  50  cc  portions  and  igniting  at  low 
redness  the  following  weights  were  obtained:  (a)  0.4331  and  (Z>)  0.4334  gram,  which 
results  were  used  in  calculating  to  a  dry  basis. 

F.  H.  WermsMold  departed  somewhat  from  the  alternate  method.  Five  grams  KCl 
and  200  cc  of  impurities  were  dissolved  in  water,  with  the  addition  of  25  cc  of  24 
per  cent  HCl,  boiled,  precipitated  with  excess  of  Bad:  solution;  it  was  then  cooled, 
neutralized  with  ammonia,  precipitated  with  ammonium  carbonate,  made  up  to  500 
cc,  and  filtered.  Of  the  filtrate  50  cc  were  evaporated  in  a  platinum  dish,  the 
ammonium  salts  expelled  at  a  low  heat;  it  was  then  moistened  with  2  cc  of  a  satu- 
rated solution  of  oxalic  acid,  evaporated,  and  strongly  heated.  The  remainder  of 
the  treatment  was  as  with  the  alternate  method,  save  that  the  drying  was  con- 
ducted at  105°  to  constant  weight  (a),  and  the  precipitate  was  dissolved  in  hot 
water  and  the  crucible  dried  and  again  weighed  (6).  The  results  were  reported  as 
follows:  (a-b)  X  0.193  =  potash.     Potash  (K2O)  found  =  61.83  per  cent. 

B.  L.  Hartwell  reported  his  results  under  1  and  4  calculated  to  the  basis  of  1  gram 
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'of  KCl  in  its  natural  state.  In  the  test  of  the  flask  and  jiipette  nsed  in  the  Liudo- 
.Gladding  method  the  following  data  were  given: 

I  Fifty  CO  of  a  solution  of  3.0675  grams  of  KCl  in  300  cc  water  yielded  upon  evapora- 
!tion  and  heating  0.5081  gram,  and  in  a  second  test  50  cc  of  a  similar  solution  of  4.1486 
.grams  yielded  0.6870  gram,  which  results  were  used  in  reducing  the  Lindo-Gladding 
results  to  a  dry  basis. 

Table  B. — Summary  of  results  derived  from  Table  X. 


Source  of  analysis. 

1-2 

KCl  and  impurities 

(1)  minus  blank  for 

impurities  and 

reagents  (2). 

4-5 

Direct  evaporation 

KCl  and  PtClj  (4) 

minus  blank  for 

PtCl,(5). 

Alt. 

L.-G. 

Alt. 

L.-G. 

Per  cent 
KCl. 

Per  cent 
KCl. 

Per  cent 
KCl. 

Per  cent 
KCl. 

niinois  Station.  W.  A.  Powers 

1  96. 14 

1  96.  87 

98.71 

99.89 
99.48 
100.  57 
100.  74 

*99  02 

Khode  Island  Station.  B.  L.  Hartwell 

199  56 

99.67 
99.72 
99.07 
99.74 
1  99.  06 

99  60 

99  57 

98.23 
97.77 
98.09 
98.15 
1 102.  07 
1  95.  90 

98.78 
98.78 
98.95 

1  99  06 

1  98  97 

Maryland  College,  F.  P.  Veitch 

98.46 

98.01 

98.28 

99.20 

99.12 

99.34 

98.33 

98.29 

100.  20 

100.41 

100.  41 

100.31 

98.98 

98.94 

99.  53 

99.92 

100.  02 

99.87 
'.'9.  85 

North  Carolina  Station,  W.H.Allen 

99  65 

99  63 

99  53 

Ma.'^sachusetts  Station.  J.  B.  Lindsev 

97.80 
97.79 

298.  86 
98.77 

2  98.62 
98.59 
99.18 
98.84 

99.77 
99.75 
100.  00 
99.89 
99.63 

99.93 
99.87 
99.70 
99.99 

99  68 

United  States  Department  of  Agriculture,  W.  G.  Brown 

New  Jersey  Station,  J.  P.  Street 

99.55 
2  99.76 

99.74 
299. 67 

9k  63 

99  67 

99.59 

New  Hampshire  Station,  E.  P.  Stone 

1 99. 76 

99.01 

Connecticut  Station,  A.  L.  Winton 



98.71 
98.85 
98.69 

99.44 
99.48 
99.53 
99.63 

99.89 
99.75 
99.73 
99.70 
99.64 

99.89 
99.57 

Christiania.  Norway,  Chemical  Control  Station,  F.  H.  Werm- 
skiold 

398.35 

Maximum 

99.18 
97.77 
98.44 
98.85 

100.57 
98.28 
99.35 
99.77 

100. 02 
99.53 
99.79 

100. 21 

99.99 
99.53 
99.68 
100. 10 

Minimum 

Average  (factor  0.3056) 

Average  (At.  Wt.  Pt  — 195) 

1  Omitted  from  averages  owing  to  wide  departure  from  other  results. 

2  Dried  for  half  an  houroniy  and  omitted  in  calculating  averages;  the  results  immediatelv  following 
are  from  constant  weights. 

3  Omitted  from  average  owing  to  a  modification  of  the  alternate  method. 
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In  calculating  tlie  results  in  the  foregoing  table  to  a  dry  basis,  except  where  othe: 
wise  specified,  the  percentage  of  moisture  as  determined  by  Ogden  and  Winton,  o: 
the  Connecticut  Station,  viz,  0.45  per  cent,  was  employed.  In  consideration  of  the 
manner  of  weighing  the  portions  of  pure  KCl  for  determination  the  results  ouL;ht  to 
be  better  for  comparative  purposes  than  in  1894,  when  another  system  was  followed. 
Notwithstanding  this  consideration,  however,  a  great  amount  of  individuality  is 
still  apparent  in  the  results,  doubtless  due  in  a  few  cases  to  lack  of  skill  in  manipu- 
lation by  the  one  or  the  other  method.  In  the  tests  by  direct  evaporation,  the  results 
are,  as  they  were  last  year,  slightly  lower  by  the  Lindo-Gladding  than  by  the  alter- 
nate method,  showing,  even  if  the  entire  discrepancy  were  attributed  to  double 
decomposition,  that  the  error  amounted  to  but  0.11  per  cent  of  KCl,  even  when  0.5 
gram  of  pure  salt  was  employed  for  a  test;  so  that  in  the  case  of  ordinary  deter- 
minations where  one  has  to  deal  with  smaller  quantities  of  double  salt,  the  error 
from  this  cause  must  be  inconsiderable,  showing  that  the  method  is  not  open  in  this 
respect  to  the  serious  criticism  which  it  has  received  at*fche  hands  of  Breyer  and 
Schweitzer.  In  considering  the  data  secured  in  determining  potash  in  the  presence 
t)f  impurities,  the  results  this  year  are  in  strong  contrast  to  those  of  last  year,  viz, 
in  1894,  0.4  per  cent  more  KCl  was  recovered  by  the  alternate  than  by  the  Lindo- 
Gladding  method,  while  this  year  an  average  of  0.91  jjer  cent  more  was  recovered  by 
the  latter  method  than  by  the  former.  It  will  be  noticed  that  the  great  difference  in 
the  impurities  is  in  the  amount  of  H;S04  present,  so  that  the  results  point  strongly 
to  the  conclusion  that  a  greater  amount  of  occlusion  must  have  resulted  in  the  case 
of  the  alternate  method,  or  that  the  double  salt  from  the  Lindo-Gladding  method 
contained  a  greater  amount  of  impurities.  It  is  evident,  therefore,  that  the  Lindo- 
Gladding  has  given,  under  the  conditions  of  the  trial,  more  nearly  accurate  results 
than  the  alternate,  due  either  to  a  more  satisfactory  compensation  of  errors  or  to  the 
inherent  virtue  of  the  method.  Considering  the  results  of  both  years,  it  appears  that 
in  the  absence  of  considerable  quantities  of  sulfates  the  alternate  may  give  equally 
good  if  not  better  results  than  the  method  of  Lindo-Gladding,  but  that  where  much 
H2SO4  is  to  be  removed  the  preference  must  be  given  to  the  latter  method. 

Comparing  the  potash  recovered  by  the  Lindo-Gladding  method  in  the  presence  of 
impurities  with  that  obtained  by  the  direct  evaporation  and  washing  with  80  per 
cent  alcohol,  it  will  be  seen  that  the  loss  of  potash,  even  by  this  method,  averages 
0.44  per  cent,  due  to  occlusion,  ignition,  or  other  causes. 

Undoubtedly,  some  of  the  difficulties  of  individual  analysts  were  due  to  the  fact 
that  one  of  the  methods  was  new  to  them,  and  they  had  not  acquired  the  requisite 
skill  in  the  particular  manipulation  required ;  two  in  particular  report  very  unsat- 
isfactory results,  and  one  chemist  withheld  all  his  data  on  that  account.  One  report 
states  that  by  the  alternate  method  results  10  per  cent  too  low  were  obtained  in  one 
test  by  expelling  the  ammonium  salts  in  an  open  platinum  dish  ^' below  a  red  heat." 
Yet  those  familiar  with  the  method  and  the  proper  manipulation  never  meet  with 
such  discrepancies,  on  which  account  it  appears  probable  that  the  heating  must 
have  been  carried  on  at  too  high  a  temperature,  perhaps  in  direct  sunlight,  under 
which  circumstances  the  dish  may  easily  have  been  overheated  without  its  being 
observed.  These  results  are  mentioned  for  the  purpose  of  emphasizing  the  importance 
of  intrusting  to  trained  analysts  such  work  as  is  intended  to  furnish  data  of  scien- 
tific value,  rather  than  to  use  the  material  as  a  part  of  the  outfit  of  a  chemical 
gymnasium  for  beginners. 

The  amounts  of  double  salt  recovered  from  the  blanks  with  reagents  show,  as  did 
those  of  last  year,  that  considerable  errors  may  be  made  if  such  blanks  are  omitted 
jn  potash  work ;  and  that  the  work  of  N.  Eobinson  and  Breyer  and  Schweitzer,  who 
made  no  blanks  on  the  reagents  employed  in  the  recovery  of  potash  lost  by  occlu- 
sion, double  decomposition,  and  in  other  ways,  instead  of  serving  as  a  satisfactory 
basis  for  a  criticism  of  methods,  is  of  itself  open  to  the  severest  criticism,  especially 
in  view  of  the  fact  stated  in  last  year's  report  that  7  grams  of  Ba(0H).3  and  large 
quantities  of  other  reagents  were  employed  by  Breyer  and  Schweitzer  in  a  single 
test  for  the  recovery  of  potash 
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Miscellaneous  Data  Bearing  ltox  Points  Distinct  from  the  Comparison 

OF  Methods. 

(A)  Is  drying  for  half  an  hour  sufficient? 

VT.  G.  Brown  found  that  the  double  salt  trom  approximately  0.5  gram,  after 
drying  in  a  steam  bath  for  half  an  hour,  lost  in  each  of  four  determinations  1.7,  0.4, 
0.4,  0.6  milligrams,  respectively,  when  subsequently  heated  at  100^  to  constant 
weight.  F.  P.  Veitch  found  under  corresponding  conditions  that  the  double  salt 
obtained  in  three  tests  lost  upon  heating  for  half  an  hour  longer  at  120^  0.0,  0.7, 
and  1.3  milligrams,  respectively.  From  the  foregoing  results  the  error  due  to  drying 
but  half  an  hour  ranged  approximately  from  0.05  to  0.10  per  cent  of  KCl,  which  was 
probably  less  than  otherwise,  owing  to  the  fact  that  the  final  i^recipitation  was  made 
from  a  dilute  solution,  under  which  circumstances  the  drying  has  been  found  by 
Winton  '  to  progress  more  rapidly.  In  fact,  it  was  due  to  the  results  already  obtained 
by  Winton  that  directions  for  precipitation  under  such  conditions  were  given  in  the 
circular  of  instructions  rather  than  ad  libitum,  or  from  a  concentrated  solution 
according  to  Fresenius. 

(B)  On  the  use  of  MgCU  in  place  of  CaCIi,  as  suggested  hy  Huston,  in  connection  with 
the  Lindo-Gladding  method. 

B.  W.  Kilgore,  in  forwarding  the  results  obtained  by  W.  M.  Allen,  states  that  since 

the  mention  by  Huston  at  the  last  meeting  of  the  A.  O.  A.  C.  about  adding  calcium 

chlorid,  and  the  statement  of  De  Roode  in  the  American  Chemical  Journal-  that  it 

did  not  accomplish  the  object  intended,  we  have  made  some  investigations  in  the 

same  line  by  substituting  magnesium  chlorid  just  after  precipitating  with  ammonia 

aud  ammonium  oxalate  and  allowing  it  to  stand  one  to  two  hours,  or  long  enough 

for  any  phosphate  that  might  be  present  in  solution  to  l)e  precipitated.     One  cc  of 

a  saturated  solution  of  magnesium  chlorid  was  added  for  this  purpose.     He  further 

states  that  the  washing  of  the  K^PtCh-,  is  easier  and  rendered  more  complete  by  this 

modification.     This  procedure  suggested  itself  from  an  examination  of  the  insoluble 

residue  obtained  after  dissolving  precipitates  of  K^PtCL;  in  hot  water,  which  showed 

it  to  consist  mostly  of  iron  phosphate  with  some  calcium  phosphate,  and,  so  far  as 

their  observations  extend,  the  use  of  magnesium  chlorid  eliminates  this  error.     As 

the  impurities  sent  out  did  not  contain  iron,  a  small  amount  was  added  in  a  few 

determinations.      Owing  to  a  misunderstanding,  less  than  0.  5  gram  of  KCl  was 

employed  in  the  tests,  by  which,  as  stated,  the  errors  of  analysis  may  have  been 

multiplied.     The  following  are  the  results,  not  deducting  a  blank  for  the  impurities 

and  reagents : 

[Weights  in  milligrams.] 


I.  KCl  and  regular  imparities  . 


H.  Same  as  I,  except  that  1  cc  of  a  sat- 
urated solution  of  MffCl2  was  added 
after  precipitation  with  XH4OH  aud 
(XHj)2  C2O4. 

III.  Same  as  I,  except  that  a  small 
amount  of  FeiCl^  was  added  to  the  im- 
purities. 

IV.  Same  as  III,  except  that  MgClj  was 
employed  as  in  II. 


Amount 

of 
KCl  used. 


Xumber 
of  cc  of 
impuri- 
ties used. 


375.1 
375.1 
375.1 

375.8 
375.8 
375.8 

375.1 
375.1 
375.1 
375.3 
375.3 
375.3 


1.5 

15 

15 

13.25 

13.25 

13.25 

15 
15 
15 
15 
15 
15 


KjPtClfi 
recovered 
from  impu 

ritiea, 
reagents, 
and  KCl. 


Per  cent 
KCl  re- 
covered 
from  all 
sources. 


1,215.6 
1,  216. 2 
1.  215.  8 
1,  216.  5 
1,  214.  2 
1,  214. 1 


Jour.  Am.  Chem.  Soc,  Vol.  XVII,  No.  6,  p.  453. 


Vol.  XVII,  Xo.  1,  p.  46. 


yrid. 
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Owing  to  the  absence  of  blanks  in  III  and  IV  and  to  the  less  quantity  of  reageni 
and  impurities  in  II,  there  seemed  to  be  no  object  iu  attempting  to  reduce  the  resuli 
to  a  common  basis.  Under  IV  it  will  be  seen  that  one  result  is  higher  than  the  low- 
est in  III,  so  that  the  data  here  reported  appear  to  be  too  few  to  admit  of  any  definite 
conclusions  at  this  time.  Notwithstanding  these  considerations,  it  has  been  deemed 
wise  to  report  the  results  for  the  purpose  of  comparison  with  data  which  may  possi- 
bly be  recorded  later  by  other  workers. 

(C)  On  the  result  of  re.peated  washing  with  alcohol  and  60  cc  of  the  ammonium  chlot 
wash  employed  in  the  Lindo- Gladding  method. 

Winton  reports  the  following: 

Per  cent  KCl  at  end  of  first  washing  with  ammonium  chlorid  and  alcohol,  99.56; 
at  the  end  of  the  second  washing,  99.45;  and  at  the  end  of  the  third  washing,  99.34, 
or  a  loss  of  0.11  per  cent  from  each  washing.  This  result  is  in  accord  with  the  lower 
results  by  the  Lindo-Gladding  method  by  direct  evaporation — where  no  impurities 
were  present  in  the  double  salt. 

(D)  In  further  support  of  previous  results  showing  tJiat  douhle  decomposition  between 
ammonium  chlorid  and  potassium  chlorplatinate  actually  results. 

Winton  reports  the  following : 

A  quantity  of  KsPtCle  which  had  been  used  for  at  least  a  year  for  saturating  suc- 
cessive portions  of  ammonium  chlorid  solution  was  washed  thoroughly  with  alcohol,  , 
to  remove  ammonium  chlorid  and  to  remove  suspended  matters,  dissolved  in  water,  , 
filtered,  and  evaporated  to  dryness.  A  portion  of  the  material  thus  obtained  gave, 
by  distillation  with  caustic  soda  1.08  per  cent  of  nitrogen,  equivalent  to  17.10  peri 
cent  of  (NH4),  PtCle. 

Your  reporter  having  noticed  that  occasional  results  during  the  last  two  years 
have  been  higher  by  the  Lindo-Gladding  than  by  the  alternate  method  in  case  of 
direct  evaporation,  raised  the  question  if,  iu  cases  where  the  ammonium  chlorid  is 
left  continually  standing  in  contact  with  the  double  salt  (as  is  the  custom  of  some 
workers),  a  sufficient  amount  of  KCl  might  not  accumulate  iu  the  sohition  so  that  it 
would  be  precipitated  from  the  wash  clinging  to  the  crucible  and  filter  upon  the 
addition  of  strong  alcohol,  and  thus  cause  an  appreciable  error. 

W.  G.  Brown,  of  the  Department  of  Agriculture,  having  at  disposal  a  solution  of 
the  ammonium  chlorid  wash,  prepared  as  above  indicated,  ''evaporated  100  cc,  and 
heated  in  a  water  oven.  After  volatilization  of  the  ammonium  salt  at  as  low  a  tem- 
perature as  possible,  the  residue  was  moistened  with  a  solution  of  pure  oxalic  acid 
and  reignited.  Water  was  added  and  the  solution  filtered  into  a  weighed  platinum 
dish.  Upon  drying  at  100°  the  residue  weighed  0.0196  gram.  It  was  then  heated 
to  low  redness  and  again  weighed.  It  now  weighed  0.0178  gram.  The  colorless 
residue  dissolved  easily  in  water  and  gave  the  potassium  spectrum."  These  results, 
while  obtained  with  a  somewhat  different  object,  furnish  further  evidence  of  double 
decomposition.  Owing  to  the  small  amount  of  wash  clinging  to  the  crucibles,  it  is 
not  probable  that  any  considerable  amount  of  error  from  this  cause  can  arise,  and 
whatever  it  may  be  it  would  tend  to  counteract  that  due  to  the  double  decomposition 
during  washing,  and  to  solubility  of  the  double  salt  in  80  per  cent  alcohol. 

(E)  On  some  sources  of  error  in  potash  determination. 

One  analyst  reports  that  by  the  Lindo-Gladding  method,  provided  the  heating 
subsequent  to  the  addition  of  sulfuric  acid  is  not  conducted  slowly,  errors  amount- 
ing to  6  per  cent  may  arise  in  determinations  involving  0.5  gram  of  pure  KCl. 
each.  Winton  also  mentions  losses  by  spattering  unless  special  care  is  taken.  Sim- 
ilar losses  are  also  said  to  occur  in  expelling  ammonium  salts  in  the  alternate  method. 
C.  G.  Hopkins  advocates  the  use  of  the  factor  based  upon  the  atomic  weight  of  plat- 
inum as  194.8.  Veitch  calls  attention  to  the  fact  that  one  method  prescribes  the  use 
of  80  per  cent  and  the  other  of  ordinary  alcohol,  in  washing :  and  suggests  that  uni- 
formity is  desirable.  Where  potassium  is  determined  in  presence  of  sodium  it  has 
been  recommended  to  break  up  the  crystals  of  the  double  salt  with  a  glass  rod  so 
that  the  sodium  salt  would  be  more  readily  dissolved.    Hart  well  finds,  however,  that 


23 

care  must  be  takeu  that  tlie  precipitates  are  not  pulverized  by  the  process,  or  great 
difficulty  will  be  experienced  in  filtering,  oAving  to  the  passage  of  the  fine  material 
through  Gooch  crucibles  and  ordinary  or  acid  washed  filter  papers  in  amounts  suffi- 
cient to  cause  a  serious  error.  The  material  which  thus  passes  is  so  fine  as  to  readily 
escape  notice,  and  only  becomes  observable  upon  the  intervention  of  a  second  filter, 
upon  the  surface  of  which  it  becomes  visible. 

The  President.  The  regular  order  of  business  following  the  report 
is  the  reception  of  any  papers  bearing  upon  this  subject.  Are  there 
any  papers  to  be  presented  ujion  the  subject  of  potash  determination? 
If  there  are  no  formal  i^apers,  the  discussion  of  this  report  is  in  order. 

Mr.  WI^-TO^^  Mr.  President,  I  have  no  paper  to  present,  but  I  wish 
to  call  attention  to  a  couple  of  papers  which  have  some  bearing  on 
this  subject.  I  have  found  in  a  series  of  investigations  results  which 
have  been  published  elsewhere,  that  make  not  onl}'  a  difference  in  the 
appearance  of  the  chlorplatinate  precipitate,  but  also  a  considerable 
difference  in  the  results.  These  experiments  relate  to  the  manner  of 
precipitating  the  potassium  chlorplatinate.  The  only  difference  in 
manipulation  is  in  the  degree  of  concentration  of  the  solutions.  It 
would  not  seem  probable  that  this  difference  in  manipulation  would 
make  any  difference  in  the  results,  but  nevertheless  such  is  the  case. 
The  results  in  two  cases  differ  by  some  0.6  per  cent  potassium  chlo- 
rid,  or  0.4  potassium  oxid.  When  these  two  preparations  (showing  the 
samples)  were  dried  at  130^  and  160°,  we  got  a  great  reduction  in  weight. 
Ordinarily,  with  the  precipitate  obtained  from  a  strong  solution,  it 
takes  a  long  time  at  a  high  temperature  to  reach  constant  weight, 
while  in  the  case  of  dilate  solutions  it  dries  in  two  hours.  The  expla- 
nation of  these  results  is  found  in  the  fact  that  the  crystals  formed 
quickly  in  concentrated  solutions  inclose  particles  of  the  mother  liquor, 
which  are  held  with  great  tenacity  on  drying.  The  precipitations, 
therefore,  should  be  made  in  a  dilute  solution,  and  this  slowly  evai^- 
orated  to  secure  crystals  free  of  mother  liquor. 

The  President.  The  formal  recommendations  of  the  reporter  on 
potash  are  now  in  order. 

Mr.  Wheeler.  I  think  there  is  only  one  recommendation  that  the 
reporters  desire  to  make,  and  that  is  that  the  alcohol  be  made  to  read 
SO  i^er  cent  instead  of  strong  alcohol  in  one,  and  80  per  cent  in  the 
other.  The  recommendation  is  that  all  alcohol  washing  be  made  with 
80  per  cent  alcohol. 

Mr.  Payne.  It  might  be  advisable  to  make  a  suggestion  that  in  sec- 
tion 2  of  our  potash  determination  the  muriate  of  potash  be  dissolved 
and  made  up  to  a  volume  of  half  a  liter. 

Mr.  H.  B.  McDonnell.  I  would  recommend  that  the  temperature  for 
drying  be  made  higher — 130^  instead  of  100^. 

Mr.  WiNTON.  I  think  the  recommendation  would  be  a  good  one  pro- 
vided it  is  necessary  to  heat  at  130^. 

Mr.  Frear.  When  Mr.  Winton's  report  first  appeared,  I  was  much 
gratified,  and  it  seeais  to  me  it  is  of  considerable  importance  in  con- 
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nection  with  this  matter.  While,  of  course,  the  evaporation  of  a  diluted 
solution  occupies  more  time,  it  seems  that  the  point  at  which  we  should 
make  the  precipitation  is  in  dilute  solution  rather  than  to  make  it  at  a 
later  time.  If,  by  taking  a  little  longer  time  in  evajjoration,  we  can 
secure  crystals  which  do  not  contain  these  impurities,  it  seems  to  me 
that  that  is  the  method  we  should  follow  rather  than  to  increase  the 
temx^erature  of  drying.  My  judgment  would  be  in  favor  of  securing 
such  conditions  as  always  to  have  the  purest  possible  crystals. 
The  Chairman.  The  report  on  food  and  feeding  stuffs  is  in  order. 

EEPOET  ON  THE  INVESTIGATION  OF  METHODS  POE  A]!TALYZING  CATTLE 

rOODS. 
By  H.  J.  Patterson. 

The  work  outlined  upon  cattle  foods  for  the  past  year  was  based  upon  the  recom- 
mendations which  were  presented  and  adopted  by  the  association  at  its  last  meeting, 
and  consisted  in  directing  our  efforts  solely  to  the  investigation  of  methods  for  the 
determination  of  crude  fiher  and  the  direct  determination  of  some  of  the  nitrogen-free 
extractive  matters.  Samples,  with  instructions  for  this  work,  were  ready  for  distribu- 
tion by  the  middle  of  November.  During  the  year,  upon  request  for  the  same, 
twenty-one  sets  of  samples  have  been  sent  to  American  chemists,  and  ten  sets  pre- 
pared for  foreign  workers.  From  these,  reports  have  been  received  from  six  American 
chemists  and  two  foreign  chemists.  The  most  of  these  reports  have  been  only  upon 
a  portion  of  the  work  outlined.  Eleven  chemists  report  no  work  done ;  one  reports 
results  lost  by  fire,  and  the  balance  have  not  been  heard  from. 

The  following  were  the  lines  of  work  proposed  and  the  methods  suggested : 

Investigation  of  Methods  for  Crude  Fiber  Determinations. 

(1)  Official  method,  proceedings  Eleventh  A.  O.  A.  C.  meeting,  1894. 

(2)  Take  2  grams  of  the  substance,  place  it  in  a  strong  flask,  add  200  cc  boiling 
1|-  per  cent  H2SO4;  cork  the  flask  tightly,  and  heat  in  a  water  bath  at  90°  for  three- 
fourths  of  an  hour,  with  frequent  shaking ;  filter,  wash,  and  bring  back  into  the  flask 
with  200  cc  boiling  1^  per  cent  NaOH;  cork  the  flask  tightly,  and  heat  in  the  water 
bath  for  forty-five  minutes  at  90° ;  filter,  wash,  and  proceed  as  in  the  official  method. 

(3)  Proceed  as  in  (2),  except  using  one-half  per  cent  solutions  and  heating  for 
two  hours. 

(4)  Proceed  as  in  (3),  using  HCl  instead  of  H2SO4. 

(5)  Test  the  method  of  V.  Stein,  Experiment  Station  Record,  V,  page  613 — use 
200  cc  of  the  solutions  and  digest  for  five  hours. 

(6)  Try  the  method  of  Cross  and  Bevan  for  the  determination  of  pure  cellulose. 
(Jour.  Chem.  Soc.  (London)  Trans.  1893,  p.  837.) 

Note. — Test  for  the  presence  of  starch  in  all  cases.     Use  samples  Nos.  2  and  3. 

Methods  for  the  Direct  Determination  of  Nitrogen-free  Extract 

Constituents. 

(1)  Dextrose. — Weigh  out  3  grams  of  the  substance  into  a  beaker,  add  50  cc  H2O 
and  allow  to  stand  for  one  hour,  filter  ^  into  a  graduated  flask,  and  make  up  to  250 
cc.  Determine  dextrose  after  AUihn's  method  (Eleventh  A.  O.  A.  C.  report.  Bull.  43, 
p.356). 

(2)  Sucrose.— U^Q  50  cc  of  filtrate  from  (1)  and  follow  method  {d),  Bulletin  43, 
page  360. 

1  If  the  solution  is  hard  to  filter,  add  2  cc  alumina  cream,  prepared  as  described  in 
Bulletin  43,  page  359. 
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(3)  Starch. — (a)  Convert  starcli  in  residue  from  (1)  into  dextrose  after  the  method 
of  Sachsse  (Cbem.  Centralbl.  1877.  p.  732;  Jour.  Anal.  Chem.,  II,  153)  and  determine 
dextrose  as  in  (1).  (&)  Convert  starch  in  residne  from  (1)  into  dextrose  after  the 
method  of  MUrker  (Chem.  Zeit.,  IX,  319;  Ztsch.  Anal.  Chem.,  24,  617;  Jour.  Anal. 
Chem.,  II.  156)  and  determine  dextrose  as  in  (1).  (c)  Convert  starch  into  dextrose 
after  method  of  Stone  (description  herewith),  (d)  Use  method  (5)  in  W.  E.  Stone's 
paper  (Eleventh  A.  O.  A.  C.  report,  Bull.  43,  p.  165). 

(4)  Pentosans.— l^Be  the  method  described  herewith. 

sachsse's  method  for  the  determination  of  starch. 
(Cliem.  Centralbl.  1877,  p.  732 ;  Jour.  Anal.  Chem.,  H,  153.) 

Heat  the  residue  from  (1)  (3  grams  of  the  substance  freed  from  the  water  soluble 
matter)  on  a  boiling  water  bath  for  three  hours,  with  200  cc  water  and  20  cc  of  25  per 
cent  HCl  (sp.  gr.  1.125),  in  a  flask  provided  with  a  reflux  condenser;  cool,  and  neu- 
tralize with  NajCOs,  and  then  make  up  to  250  cc  and  determine  dextrose  by  Allihn's 
method. 

The  weight  of  dextrose  multiplied  by  0.9  gives  the  weight  of  starch,  considering 
the  formula  to  be  C^HioOs. 

marcker's  method  for  the  determination  of  starch. 

(Chem.  Zeit..  IX,  319;  Ztsch.  Anal.  Chem.,  24, 617.) 

Heat  the  residue  from  (1)  (3  grams  of  the  substance  with  water  soluble  matter 
extracted)  with  50  cc  HjO  to  90-,  and  after  cooling  to  65=,  mix  with  5  cc  cold  malt 
extract  (50  grams  malt  extracted  with  1,000  cc  H.;0).  Digest  for  thirty  minutes  at 
60-65= ;  then  add  10  cc  of  1  per  cent  tartaric  acid  solution,  and  heat  the  mixture 
under  a  pressure  of  3  to  4  atmospheres  for  thirty  minutes,  ^  cool  to  65=,  add  5  cc  malt 
extract,  and  maintain  at  this  temperature  for  thirty  minutes,  then  filter  and  wash. 
To  the  filtrate  add  15  cc  of  25  per  cent  hydrochloric  acid,  make  up  to  about  200  cc 
and  heat  on  a  boiling  water  bath  for  two  and  one-half  hours ;  neutralize  with  sodium 
carbonate  and  estimate  the  dextrose  by  Allihn's  method.  Calculate  the  dextrose  to 
starch. 

w.  E.  stone's  method  for  the  determination  of  starch. 

Free  the  substance  from  fats  and  soluble  carbohydrates  by  extraction  with  ether 
and  water  successively.  Heat  3  to  5  grams  to  boiling  for  ten  minutes,  with  50  cc  of 
water.  Cool  to  60=  to  62=,  add  10  cc  malt  infusion-  and  maintain  at  this  tempera- 
ture until  the  solution  no  longer  gives  the  starch  reaction  with  iodine.  Filter 
and  wash  thoroughly.  To  the  filtrate,  which  should  have  a  volume  of  about  150 
cc,  add  15  cc  of  HCl  (sp.  gr.  1.125),  and  heat  on  a  water  bath  for  two  and  one-half 
hours.  Neutralize  with  NajCOrs  and  make  up  to  250  cc;  determine  dextrose  by  the 
method  of  Allihn  and  calculate  the  dextrose  thus  estimated  to  starch. 

Determination  of  Pentosans. 

Place  2  to  5  grams  of  the  material  in  a  distilling  flask  with  100  cc  HCl  of  1.06  sp. 
gr.  The  mixture  is  then  distilled  and  the  distillate  collected  in  a  graduated  receiver. 
For  each  10  cc  lost  by  distillation  run  in  10  cc  HCl  (sp.  gr.  1.06)  from  a  graduated 
stoppered  funnel.  Continue  the  distillation  as  long  as  the  distillate  shows  the  fur- 
furol  reaction  with  anilin  acetate.     Neutralize  the  distillate  with  NajCOa.     If  the 

1  Temperature  135°  to  140°. 

^Prepare  the  malt  infusion  by  digesting  5  grams  of  fresh  finely  ground  malt  with 
50  cc  H;0  for  3  hours  at  the  ordinary  laboratory  temperature,  filter,  wash,  and  make 
up  to  100  cc ;  determine  the  amount  of  dextrose  in  10  cc  of  this  infusion  by  treating 
the  same  as  in  the  determination  of  starch. 
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volume  is  less  than  400  cc,  add  10.2  grams  NaCl  for  each  50  cc  less  than  that  volume, 
and  dilute  with  HoO  to  400  cc.  Add  10  cc  of  a  12  per  cent  solution  of  phenylhydrazin 
in  glacial  acetic  acid  and  let  stand,  with  frequent  stirring,  for  twenty-four  hours. 
Filter  and  wash  with  100  cc  of  cold  water.  Dissolve  off  the  filter  with  a  small  quan- 
tity of  warm  alcohol,  collecting  in  a  small  tared  flask.  Evaporate  the  alcohol  and 
dry  at  60°.  The  weight  of  the  phenylfurfurolhydrazone  multiplied  by  0.744  gives 
the  weight  of  the  pentosans  originally  present.  (References:  Jour.  Anal.  Chem.,  V, 
421,  and  VII,  68;  Am.  Chem.  Jour.,  16,  218.) 

Crude  Fiber  Investigation. 

For  the  work  on  crude  fiber  two  samples  were  sent  out — No.  2,  a  sample  of  corn 
meal,  and  No.  3  tobacco  leaves. 

There  were  but  six  reports  received  upon  the  work  outlined  above;  some  of  the 
reports  were  upon  only  a  portion  of  the  work,  and  other  reports  were  obtained  by 
the  use  of  methods  different  from  those  outlined. 

The  following  table  gives  the  results  as  obtained  by  the  different  chemists: 

Crude  fiber  determinations. 


Sample  No.  2. 

Analyst. 

1 

1.25  per 

cent  H.,S04 

and  NaOH 

boiled  for 

30  minutes. 

2 

1.25  per 
cent  H,S04 
and  NaOH 
heated  for 
45  minutes 
at  90°. 

3 

0.5  per  cent 
H.,S04  and 

NaOH 

heated  for 

2  hours 

at  90°. 

4 

0.5  per  cent 

HCl  and 

NaOH 

heated  for 

2  hours 

at  90°. 

5 

V.  Stein's 
method. 

United  States  Department  of   Agricul- 
ture, W.  H.  Krug 

Per  cent. 
2.57 
2.61 
2.95 

Per  cent. 
3.66 
4.59 
4.39 
2.62 

Per  cent. 
3.64 

Per  cent. 
3.62 

Per  cent. 
6.22 

Illinois  Station,  C.  &.  Hopkins 

Maryland  Station,  H.  J.  Patterson 

4.33 

4.30 

Canada  Station,  F.  T.  Shutt 

Germany,  Dr.  Fassbender 

3.74 
3.01 

Norway,  F.  H.  Wermskiold 

Sample  No.  3. 

Analyst. 

1 

1.25  per 
centH.,S04 
andNaOH 
boiled  for 
30  minutes. 

2 

1.25  per 
cent  H2SO4 
and  NaOH 
heated  for 
45  minutes 
at  90°. 

3 

0.5  per  cent 
H.,S04  and 

NaOH 

heated  for 

2  hours 

at  90°. 

4 

0.  5  per  cent 
HCl  and 
NaOH 

heated  for 
2  hours 
at  90°. 

5 

V.  Stein's 
method. 

United  States  Department  of  Agricul- 
ture, "W.  H.  Krug 

Per  cent. 
8.37 
8.68 
9.10 

Per  cent. 
11.19 
10.77 
10.32 
10.01 

Per  cent. 
10.60 

Per  cent. 
10.  43 

Per  cent. 

Illinois  Station,  C.  G.  Hopkins 

Maryland  Station,  H.  J.  Patterson 

10.87 

10.20 

Canada  Station,  F.  T.  Shutt 

Germany,  Dr.  Fassbender 

10.05 
9.91 

Norway,  F.  H.  Wermskiold 

In  addition  to  the  above,  Mr.  F.  T.  Shutt,  chemist  of  the  Canada  Experiment 
Station,  sent  the  results  of  the  determination  of  crude  fiber  by  the  method  used  in 
his  laboratory.     The  method,  briefly,  is  as  follows: 

Two  grams  are  taken,  dried  in  steam  bath  for  three  hours,  then  digested  for  five 
hours  in  cold  gasoline,  dried,  and  boiled  one-half  hour  with  250  cc  of  1.25  per  cent 
H.:S04  (approximately).  This  boiling  is  done  in  a  round-bottomed  evaporating  dish 
which  possesses  a  bine  line  showing  the  containing  mark  for  250  cc.  Water  is  added 
from  a  wash  bottle  during  the  boiling  to  keep  the  fluid  up  to  this  mark.  The  fiber 
is  now  filtered  and  washed  free  from  acid  by  hot  water,  using  a  suction  apparatus. 
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It  is  then  boiled  Tvith  250  cc  of  1.25  per  cent  (approximately)  XaOH,  filtered  and 
washed  free  from  alkali,  finally  washed  with  alcohol,  dried  in  a  steam  bath, 
weighed,  ignited,  and  the  ash  deducted. 

The  results  with  this  method  were,  with  sample  No.  2,  2.42  per  cent,  and  sample 
No.  3,  9.61  per  cent. 

The  following  results,  in  addition  to  the  above,  were  reported  from  the  Illinois 
Station,  by  C.  G.  Hopkins: 

Sample 
No.  3. 


Official  method 

1 .25  per  cent  H2SO4  and  iNaOH  digested  for  forty-five  minutes  at  90° , 

1.2.5  per  cent  H2SO4  and  NaOH  digested  for  two  hours  at  temperature  of 

boiling  H2O 

1.25  per  cent  H2SO4  and  NaOH  digested  for  two  hours  at  temperature  of 

boiling,  but  previously  extracted  with  ether  for  sixteen  hours 


Mr.  Hopkins  wishes  to  call  the  attention  of  the  association  to  the  use  of  Schleicher 
and  Schuell's  hardened  filters  No.  575,  size  15  or  18^  cm.,  for  the  first  filtration  in 
crude  fiber. 

He  states  that  they  stand  the  suction  well,  filter  rapidly  and  thoroughly,  and  that 
the  substance  is  easily  removed  from  the  filter  by  washing  into  the  soda  solution. 
He  also  states  that  the  results  obtained  by  the  use  of  these  filters  are  higher  than 
when  linen  is  used,  but  gave  no  figures.  For  the  second  filtration  Mr.  Hopkins  uses  a 
Caldwell-Gooch  crucible  with  1  mm.  perforations  and  protecting  the  asbestus  felt 
by  means  of  platinum  disk,  as  recommended  by  Puchner  (Jour.  Am.  Chem.  Soc.,  XV, 
710). 

It  will  be  seen  from  the  above  table  that  the  results  with  the  official  methods  are 
the  most  uniform  and  satisfactory.  Therefore  I  would  recommend  that  the  jiresent 
official  method  be  allowed  to  stand ;  but  I  believe  that  we  should  continue  our  search 
for  a  method  using  weaker  solutions  and  conducting  the  heating  in  some  manner  so 
as  to  obviate  the  variations  in  temperature  and  amount  of  liquid  at  different  stages 
of  the  operation  which  may  obtain  with  the  present  method. 

NITROGEN-FREE   EXTRACT. 

For  the  work  outlined  above  on  the  direct  determination  of  some  of  the  nitrogen- 
free  extractive  matters,  two  samples  were  sent  out — No.  1  consisting  of  a  mixture  of 
2,000  grams  of  starch,  500  grams  of  cane  sugar,  200  grams  of  gum  tragacanth,  and 
100  grams  of  dextrose;  No.  2  was  a  finely  ground  sweet  corn.  Both  of  these  sam- 
ples proved  very  difficult  to  filter — No.  1  no  doubt  due  to  the  gum  tragacanth,  and 
No.  2  probably  to  some  starchy  matter.  From  the  fact  that  it  took  a  hmg  time  to 
filter  No.  1  and  was  almost  impossible  to  get  a  clear  filtrate  from  No.  2,  it  would 
hardly  be  expected  that  the  results  would  be  very  uniform. 

Reports  upon  the  determination  of  dextrose. 


Arizona  Station,  K.  H.  Forbes 

Kew  Hampshire  Station,  F.  W.  Morse. 
Massachusetts  Station,  J.  B.  Lindsay  . 
Maryland  Station,  H.  J.  Patterson 

Average 

Difference  between  highest  and  lowest 
Greatest  variation  from  average 


Sample 
No.l. 

Sample 
No.  2. 

Per  cent. 

Per  cent. 

3.73 

5.05 

3.84 

4.68 

2.34 

6.37 

3.03 

5.09 

3.  24 

5.30 

1.50 

1.69 

.90 

1.07 
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Reports  upon  the  determination  of  sucrose. 


Sample 
No.l. 

Sample 
No.  2. 

Arizona  StatiriTi,  T?,.  TT,  FnrhRa 

Per  cent. 
15.54 
18.96 
11.68 
19.70 

Per  cent. 
3  36 

New  Hampsbire  Station,  F.  W.  Morse 

4  32 

Massachusetts  Station,  J.  B.  Lindsey             

1 13  61 

3  40 

16.47 

3  69 

Difference  between  liigliest  and  lowest 

8.02 
4.79 

96 

63 

1  Excluded  from,  averages. 
Reports  upon  the  determination  of  starch. 


Sample 
No.l. 


Sample 
No.  2. 


Method  of  Sachsse. 

Arizona  Station,  R.  H.  Forbes 

New  Hampshire  Station,  F.  W.  Morse 

Massachusetts  Station,  J.  B.  Lindsey 

Maryland  Station,  H.  J.  Patterson 


Per  cent.        Per  cent. 


64.17 
57.83 
62.69 
57.33 


40.56 
64.  80 
36.57 
31.95 


Average 

Difference  between  highest  and  lowest 

Greatest  variation  from  average 

Method  of  Mdrcker. 


60.50 


Massachusetts  Station,  J.  B.  Lindsey  . 
Maryland  Station,  H.  J.  Patterson  . . . 


36.98 
26.21 


1  Excluded  from  averages. 
Reports  upon  the  determination  of  pentosans. 


Sample 
No.l. 


Sample 
No.  2. 


United  States  Department  of  Agriculture,  "W.  H.  Krug 

Arizona  Station,  E,.  H.  Forbes 

Massachusetts  Station,  J.  B.  Lindsey 

Norway,  F.  H.  "Wermskiold 

Average 

Difference  between  highest  and  lowest 

Greatest  variation  from  average 


Per  cent. 

10.26 

3.92 

4.77 

4.52 


Per  cent. 
9.08 
5.99 
4.97 
8.24 


5.87 


7.07 


6.34 
4.39 


4.11 
2.01 


The  results  as  given  in  the  above  tables  are  very  far  from  satisfactory — first,  from 
the  fact  that  they  represent  the  work  of  so  few  analysts;  and  second,  from  the  fact  of 
the  wide  variation  between  the  results  of  the  various  analysts.  Yet,  bad  as  these 
results  may  appear  on  first  inspection,  they  are  no  worse  than  much  of  our  work  upon 
ether  extract  and  crude  fiber  when  this  association  first  took  up  that  work,  and  not 
much  worse  than  some  results  on  these  determinations  that  are  handed  in  at  this  time. 
If  we  review  the  initiatory  work  of  the  association  upon  butter,  crude  fiber,  and 
reverted  phosphoric  acid,  we  will  see  that  there  was  no  more  warrant  for  the  adop- 
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tion  of  provisional  methods  than  above  results  would  justify;  consequently,  I  think 
Tve  may  feel  encouraged  with  what  little  has  been  accomjjlished. 

I  wish  to  call  the  attention  of  the  association  to  the  following  methods,  and  suggest 
them  as  probably  worthy  of  investigation :  "The  quick  estimation  of  starch,"  by 
P.  L.  Hibbard  ( Jour.  Am.  Chem.  Soc,  vol.  17,  p.  64);  and  "The  quantitative  estima- 
tion of  starch,"  by  J.  Krieger  (Jour.  Soc.  Chem.  Ind.,  1895,  p.  199). 

I  wish  to  acknowledge  at  this  time  and  place  the  very  full  report  upon  the  samples 
for  1894  sent  in  by  Dr.  .T.  Sebelien,  of  Norway.  This  report  came  to  hand  too  late  for 
last  years  proceedings,  and  the  results  can  not  be  incorporated  so  as  to  be  compared 
with  this  year's  work. 

RECOMMEXDATIOXS, 

(1)  That  the  methods  for  analysis  of  cattle  foods  be  allowed  to  stand  as  they  are 
at  present. 

(2)  To  continue  the  work  on  nitrogen-free  extract  from  the  fact  that  some  experi- 
ment stations  are  now  making  investigations  which  call  for  methods  for  the  direct 
determination  of  nitrogen-free  extract  matters,  so  that  what  work  may  be  carried 
on  in  this  line  may  be  compared. 

That  the  following  additions  Ije  adopted  as  x'rovisional  methods  to  be  used  in  the 
analysis  of  grains  and  by-product  cattle  foods : 

(a)  The  methods  given  above  for  the  determination  of  dextrose  and  sucrose  ; 

(b)  The  method  of  Sachsse  for  the  determination  of  starch  in  potatoes; 

(c)  The  method  of  Tollens  and  Flint  as  modified  by  Krug  for  the  determination 

of  pentosans ; 
and  that  the  results  be  stated  as  follows : 

Water. 

Ash. 

Crude  protein. 

Crude  fiber. 

(  Dextrose. 

I  Sucrose. 
Nitrogen-free  extract  <(  Starch. 

Pentosans. 

1^  Undetermined. 
Crude  fat. 

Mr.  LiNDSEY.  I  should  like  to  make  a  few  remarks  in  relation  to  this 
subject,  for  I  tliink  it  is  one  in  wliicli  little  progress  has  been  made 
relative  to  bringiug  about  improved  methods,  for  the  good  reason  that 
it  is  a  most  difficult  line  of  work.  We  are  dealing  with  physiological 
substances.  They  are  so  intricate  that  it  is  a  difficult  problem  to  sepa- 
rate them  into  their  several  constituents.  In  the  matter  of  crude  liber 
it  seems  to  me  it  is  time  to  call  a  halt  or  else  go  at  it  in  a  different 
way.  So  far  as  I  understand  the  matter,  those  who  have  dealt  with  it 
in  the  past  have  attempted  to  find  a  method  that  would  give  us  reliable 
results — that  is,  they  recognized  crude  fiber  as  a  single  substance,  while  of 
course  all  know  that  it  is  not,  crude  fiber  being  simply  a  combination  of 
substances — a  part  of  a  group  of  substances.  We  have  used  the  official 
method  because  we  have  had  no  other  better  one.  We  all  know  crude 
fiber  is  a  combination  of  three  things — celhilose,lignose,and  pentosans. 
They  are  recognized  as  substances  that  can  be  dissolved  and  converted 
into  sugar  by  the  action  of  diluted  acid.  They  are  as  a  rule  classified 
with  that  group.     I  believe  crude  fiber  will  be  recognized  as  a  group  for  a 
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long  time  to  come,  for  on  that  is  based  all  our  knowledge  of  food  stuffs. 
At  the  same  time,  I  think  we  can  find  a  method  of  determining  pure 
cellulose.  I  think  the  line  should  be  drawn  there.  We  should  attempt 
to  find  a  method  for  determining  the  cellulose  itself. 

I  should  like  a  committee  especially  interested  in  this  work  to  be 
appointed  to  confer  together  and  to  suggest  the  line  of  work  which  should 
be  carried  out.    I  think  we  ought  to  progress  more  in  this  than  we  have. 

The  President.  Without  formally  appointing  a  committee,  we  will 
ask  those  particularly  interested  on  this  matter  to  confer  with  each 
other  and  with  the  reporter  sometime  during  the  meeting.  I  shall  be 
glad  to  be  present  when  this  takes  place. 

At  12.30  the  convention  adjourned  until  1.30  p.  m. 

THURSDAY— AFTERNOON  SESSION. 

The  President.  The  first  thing  to  consider  will  be  the  report  of  the 
committee  in  regard  to  the  proposed  changes  in  the  methods  for  deter- 
mining potash.  The  report  of  the  committee  was  adopted,  and  the 
proposed  changes  were  incorporated  in  the  ofQcial  methods  of  analysis. 
(See  Bulletin  46,  pp.  21  et  seq.) 

Mr.  McDonnell.  There  has  been,  I  think,  an  unauthorized  change 
made  in  the  temperature  at  which  this  precipitate  is  dried.  It  should 
be  130O  instead  of  lOOo. 

Mr.  LiNDSEY.  The  committee,  without  making  any  formal  recom- 
mendation, would  like  to  suggest  the  investigation  of  the  question  of 
change  of  factor  for  calculating  potash  and  potassium  chlorid,  from  the 
weight  of  chlorplatinate  obtained. 

The  President.  The  report  on  soils  and  ash  is  now  in  order. 

EEPOET  ON  SOILS  AND  ASH. 
By  A.  M.  Peter  and  Arthur  Goss. 

In  accordance  witli  the  action  of  the  association  last  year,  your  rejDorters  have 
given  to  the  study  of  the  solubility  of  the  phosphoric  acid  and  potash  of  soils  in 
dilute  acid  solutions  a  prominent  part  in  this  year's  work.  In  addition  to  this,  it 
was  decided  to  continue  the  study  of  the  sulfuric-acid  method  as  applied  to  the 
determination  of  phosphoric  acid  and  potash  in  soils,  and  to  test  further  the  present 
association  method  for  these  substances.  The  work  upon  ash  was  confined  to  the 
association  method. 

The  ash  used  was  that  of  corn  fodder  or  stover,  and  was  prepared  in  exactly  the 
same  way  as  sample  No.  4  of  last  year.^ 

The  soils  were  selected  as  follows : 

Sample  No.  1. — From  plot  5,  acre  P,  Kentucky  Experiment  Station  farm;  collected 
November  22, 1894,  by  taking  up,  with  a  tool  made  for  the  purpose,  cylindrical  cores 
of  soil  to  the  depth  of  6  inches  from  60  different  places  at  regular  intervals  over  the 
whole  extent  of  the  plot  (one-tenth  acre).  In  this  way  about  70  pounds  of  soil  were 
obtained,  and  this,  after  thorough  mixing  with  a  spade,  was  sifted  through  a  one- 
eighth-inch  mesh  sieve  and  thoroughly  air-dried ;  it  was  then  mixed  again  and  stored 
in  a  box  from  which  the  samples  sent  out  were  taken.  These  samples  were  not 
bottled,  but  simply  wrapped  in  paper. 

1 U.  S.  Department  of  Agriculture,  Div.  Cham.  Bull.  43,  p.  29.) 
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Acre  P  of  the  Kentucky  Station  has  been  planted  with  corn  for  seven  rears  in  suc- 
cession previous  to  the  taking  of  this  sample,  in  an  experiment  with  commercial 
fertilizers,  in  which  each  plot  received  the  same  fertilizer  every  year.  The  plot  in 
question  (No.  5)  received  available  phosphoric  acid  and  nitrogen  at  the  rate  of  57 
and  26  pounds  per  acre,  respectively,  each  year,  in  the  form  of  acid  phosphate  and 
nitrate  of  soda.  The  yield  from  this  plot  in  1894,  calculated  to  the  acre,  was:  ear 
corn,  1,078  pounds;  fodder,  2,030  pounds. 

Sample  No.  2. — From  plot  5  of  the  field  of  the  Rhode  Island  Experiment  Station  at 
Kingston,  used  for  experiments  with  fertilizers  on  corn  from  1890  to  1894,  in  which 
year  miscellaneous  crops  were  grown,  collected  by  H.  J.  Wheeler  in  a  manner 
similar  to  that  described  under  Sample  No,  1,  but  taking  the  soil  from  the  south  two- 
thirds  of  the  plot  and  from  about  twelve  j)laces  only.  The  soil  was  a  sandy  loam, 
containing  much  vegetable  matter,  giving  it  a  dark  chocolate  color.  The  rock  frag- 
ments sifted  out  were  granitic  in  character.  This  plot  had  received  in  fertilizers 
each  year,  beginning  with  1890,  about  25  pounds  of  nitrogen  and  76  pounds  of  potash 
per  acre,  in  the  form  of  nitrate  of  soda  and  muriate  of  potash. 

Sample  ^0.  3. — From  acre  P,  plot  6,  Kentucky  Station;  collected  and  prepared  in 
the  same  way  and  at  the  same  time  as  No.  1.  This  plot  had  received  each  year  80 
pounds  of  potash  per  acre  and  about  26  pounds  of  nitrogen  in  the  form  of  muriate 
and  nitrate.  The  yield  from  this  plot  in  1894,  calculated  to  the  acre,  was  2,457 
pounds  ear  corn  and  3,130  pounds  fodder. 

Sample  No.  4. — From  plot  2  of  the  Kingston,  R.  I.,  field;  collected  by  H.  J. 
"Wheeler  in  the  same  way  as  No.  2.  This  plot  had  received  each  year  about  50 
pounds  of  available  phosphoric  acid  per  acre  in  the  form  of  dissolved  bone  black. 

CHARACTER    OF    THE    SOILS. 

The  series  of  field  experiments  conducted  upon  the  Kentucky  soil  by  this  station 
during  a  period  of  seven  years,  indicates  that  this  soil  is  well  supplied  with  avail- 
able phosphoric  acid,  but  does  not  afi'ord  available  potash  enough  to  support  an 
average  crop  of  corn,  potatoes,  or  tobacco.  It  responds  readily  to  potash  manures, 
but  not  to  phosphates.  The  Rhode  Island  soil  is  the  reverse  of  this  in  regard  to 
phosphoric  acid,  responding  to  phosphates  in  a  marked  manner,  as  shown  by  the 
experiments  during  five  years  at  that  station.  In  regard  to  available  potash, 
the  supply  seems  to  be  better,  perhaps,  than  that  of  the  Kentucky  soil,  though  the 
yields  seem  to  be  better  where  both  phosphates  and  potash  are  applied,  showing  that 
the  supply  of  available  potash  is  not  yet  sufficient  forthe  demands  of  the  crop. 

Upon  these  facts  the  selection  of  these  soils  for  this  year's  work  was  based,  but 
upon  a  more  careful  consideration  of  the  subject  your  reporters  have  become  con- 
vinced that,  on  account  of  the  acid  character  of  the  Rhode  Island  soil  and  its  large 
proportion  of  vegetable  matter,  the  selection  of  this  soil  was  not  well  made.  At  any 
rate,  these  properties  should  be  l)orne  in  mind  when  considering  the  results  herein 
reported.  In  selecting  the  Kingston  soil  it  was  intended  to  obtain  a  soil  deficient  in 
available  P2O5,  just  as  the  Kentucky  soil  was  selected  on  account  of  its  deficiency 
in  available  K2O ;  but  the  highly  vegetable  character  of  the  former  was  at  first  over- 
looked, and  it  was  not  realized,  until  after  the  selection  was  made,  that  this  circum- 
stance might  vitiate  a  comparison  of  the  Rhode  Island  and  Kentucky  soils,  and 
render  the  results  exceptional  in  character.  Nevertheless  it  is  believed  that  the 
results  obtained  are  of  value  and  have  brought  out  some  points  which  would  not 
have  been  so  evident  had  the  soils  not  been  so  diflerent  in  character. 

DIRECTIONS   FOR   WORK   ON   THE   SOIL  AND   ASH   SAMPLES. 

The  directions  sent  out  with  the  samples  were  substantially  as  follows,  the  refer- 
ences being  to  the  ''  Proceedings  of  the  Eleventh  Annual  Convention  of  the  Association 
of  Official  Agricultural  Chemists,"  published  as  Bulletin  43,  Division  of  Chemistry, 
United  States  Department  of  Agriculture : 

The  solvent  used  in  (2)  is  that  proposed  by  Bernard  Dyer',  but  experiments  made 

1  Jour.  Chem.  Soc,  London,  Vol.  LXV,  1894,  p.  115;  see  also  Wiley's  Agricultural 
Analysis,  Vol.  I,  p.  344. 
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here  seem  to  indicate  that  the  time  of  digestion  he  adopts — seven  days — is  much  too 
long. 

Besides  the  work  indicated,  it  is  desirable  to  iinow  the  action  of  a  given  solvent  for 
different  lengths  of  time,  for  different  amounts  and  concentrations,  and  upon  other 
soils  of  well-known  character,  especially  such  as  have  been  proved  by  field  experi- 
ments to  be  deficient  in  available  P^Os  while  possessing  sufficient  available  ICO  to 
produce  a  crop,  or  vice  versa.  It  would  also  be  desirable  to  have  comparative  results 
on  these  samples  by  other  methods,  with  the  use  of  other  solvents,  such  as -dilute 
HNO3  (Schloesing),  dilute  HCl,  ammonium  citrate,  etc.  Results  of  any  such  addi- 
tional work  will  be  gratefully  received  and  properly  credited  in  the  report  to  the 
association. 

The  ash. — Analyze  by  the  association  method,  page  390.  The  sample  is  ready  for 
analysis  without  farther  preparation. 

The  soils. — Weigh  each  sample  and  prepare  it  (p.  386)  by  sifting  upon  a  one-half 
mm.  mesh  sieve,  rubbing  the  coarse  part  in  a  mortar  with  a  rubber  pestle  (a  rubber 
stopper  answers)  until  the  gravel  is  as  completely  separated  as  possible  from  the  fine 
earth.  Weigh  the  gravel  and  report  its  amount  per  cent  of  the  original  soil;  mix 
the  fine  earth  well  and  preserve  it  in  a  tightly  stoppered  bottle,  from  which  the  por- 
tions for  analysis  are  to  be  weighed  out. 

If  a  sieve  with  circular  openings  is  not  at  hand,  use  the  ordinary  sieve  with  meshes 
as  nearly  as  possible  one-half  mm.  in  diameter.     The  ordinary  40-mesh  is  about  right. 

1.  Determine  moisture  in  each  sample  as  described  on  page  386,  and  note  that 
results  are  to  be  stated  as  percents  of  the  soil  dried  in  the  water  oven.  To  avoid 
calculation,  it  is  therefore  suggested  to  weigh  out  quantities  of  the  fine  earth  corre- 
sponding to  the  required  numl)er  of  grams  of  dried  soil. 

2.  Put  200  grams  of  each  sample  into  bottles  or  flasks  of  at  least  IJ  liters  capacity 
and  pour  on  each  exactly  1  liter  of  a  solution  of  citric  acid  containing  10  grams  of 
the  crystallized  acid  to  the  liter;  cork  and  shake  well,  and  allow  to  digest  at  the 
temperature  of  the  laboratory,  or  about  20°,  with  frequent  thorough  shaking,  for 
exactly  five  hours.  If  convenient,  an  automatic  shaking  device  may  be  used,  provided 
all  the  bottles  can  be  shaken  at  once,  and  its  use  should  be  mentioned  in  reporting 
the  results.  At  the  end  of  the  digestion,  shake  the  contents  of  the  bottles  well  and 
pour  quickly  upon  a  large  dry  ribbed  filter,  collecting  the  filtrate  in  a  dry  flask. 
The  filter  paper  should  be  at  least  12  inches  in  diameter,  better  14  inches,  and  of 
quality  equal  to  S.  and  S.  597,  or  heavier.  Shaking  up  the  soil  before  pouring  it 
on  the  filter  helps  to  produce  a  clear  filtrate.  If  the  first  10  or  20  cc  come  through 
muddy,  they  may  be  rejected  or  returned  to  the  unfiltered  portion,  but  it  is  best  to 
let  the  filtration  go  on  as  rapidly  as  possible.  Evaporate  625  cc  of  the  filtrate, 
corresponding  to  125  grams  of  soil,  in  a  porcelain  dish  to  a  small  volume,  transfer  to 
a  platinum  dish  of  about  100  cc  capacity,  bring  to  dryness  on  the  water  bath,  and 
burn  off  all  the  organic  matter  at  a  very  low  heat,  barely  redness.  After  the  resi- 
due has  been  charred  it  is  very  light  and  easy  to  burn  at  a  temperature  at  which 
there  is  little  danger  of  loss  of  potash  salts.  After  burning,  transfer  the  dry  residue 
to  a  low  beaker  of  about  200  cc  capacity,  cover,  and  add  about  30  cc  strong  HCl, 
using  the  H(  ;l  to  rinse  the  last  traces  of  the  residue  from  the  dish ;  heat  on  the  water 
bath  imtil  effervescence  has  ceased,  remove  the  cover,  and  evaporate  to  dryness,  finish- 
ing the  drying,  if  necessary,  on  the  sand  or  air  bath  at  a  higher  temperature.  The  resi- 
due is  to  be  taken  up  with  4  or  5  cc  HCl  and  a  little  water  and  digested  on  the 
water  bath  until  the  iron  comjjounds  have  been  dissolved;  it  is  then  transferred  to 
a  250  cc  measuring  flask,  cooled,  made  up  to  volume,  mixed  by  shaking,  and  filtered 
through  a  dry  filter  into  a  dry  flask. 

{a)  For  P2O5,  measure  100  cc  of  this  solution  (==:50  grams  soil)  into  a  beaker,  evapo- 
rate to  about  50  cc,  and  determine  as  in  (7),  page  388.  About  50  cc  of  the  molybdic 
solution  will  be  required. 

(&)  For  K.2O,  100  cc  of  the  solution  {=  50  grams  soil)  are  diluted  with  about  an 
equal  volume  of  water  and  precipitated  boiling  hot  with  a  slight  excess  of  NH4OH 
and  enough  ammonium  oxalate  to  throw  down  the  lime.  The  precipitate  is  filtered, 
using  j)ressure  and  well  washed  with  hot  water.  The  filtrate  and  washings  are  evap- 
orated to  dryness,  and  the  ammonium  salts  expelled  by  cautious  ignition  barely  to 
redness  in  a  porcelain  or  platinum  dish.  The  residue  is  to  be  dissolved  in  a  little 
warm  water,  and  the  K2O  determined  in  the  filtrate  as  in  the  alternate  method,  page 
350.  Two  cc  of  the  usual  PtCl4  solution  will  be  found  to  be  about  the  proper  quan- 
tity to  add. 

A  blank  experiment  should  be  made  with  625  cc  of  the  citric  acid  solution  and 
the  same  amounts  of  reagents  are  used,  in  order  to  correct  for  any  P2O5  or  K2O  con- 
tained in  them. 

3.  Two  hundred  grams  of  each  sample  are  to  be  digested  in  exactly  the  same  way 
as  in  2,  substituting  for  citric  acid  a  solution  of  6.3  grams  of  oxalic  acid  to  the  liter, 
and  determining  P2O5  and  KoO  in  the  resulting  solution,  as  just  described. 

4.  Two  hundred  grams  of  each  sample  are  to  be  treated  exactly  as  before,  using  a 
solution  containing  20  grams  of  crystallized  ammonium  oxalate  and  2.15  grams  of 
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anhydrous  acetic  acid,  CcHyO.  OH,  to  tbe  liter.  This  solution  may  be  prepared  by 
first  making-  a  solution  of  ammonium  oxalate,  containing  40  grams  of  the  crystallized 
salt  to  the  fiter,  and  a  dilute  acetic  acid  containing  4.30  grams  of  CHijO,  OH  to  the 
liter,  as  determined  by  titration  against  standard  KOH,  or  XaOH,  and  mixing 
together  equal  measures  of  these  two. 

5.  Determine  P.O..  and  K.O  dissolved  by  HCl  of  1.115  sp.  gr.  by  digesting  10  grams, 
as  directed  on  page  3^7,  (1).  and  detenuining  P.O.-,  as  on  page  388,  (7). 

For  the  K.O,  evaporate  100  cc  of  the  HCl  solution  nearly  to  dryness  to  expel  the 
excess  of  HCl:  take  up  with  about  200  cc  of  water  and  precipitate  boiling  hot  with 
a  slight  excess  of  XH4OH,  adding  also  enough  ammonium  oxalate  to  throw  down 
the  lime;  filter,  wash  thoroughly  with  hot  water,  evaporate  to  dryness,  and  expel 
the  XH4  salts  by  cautious  heating,  and  determine  the  K:0  in  the  residue  as  in  the 
alternate  method,  beginning  with  the  corresponding  stage  of  the  process. 

If  time  permit,  please  report  also  the  i^er  cent  of  insoluble  matter  obtained  in  the 
HCl  digestion,  page  .387,  (1). 

6.  Determine  FAlr,  by  the  Goss  method,  page  58,  Also  note  that  the  molybdate 
solution  used  must  be  lull  strength.  An  old  solution  in  which  the  greater  portion  of 
the  molybdic  acid  has  crystallized  out  will  not  answer.  It  is  safest  to  use  a  recently 
prepared  solution. 

7.  The  following  method  for  potash  has  been  worked  out  by  one  of  us  (A.  G. ).  and 
is  here  submitted  for  trial : 

First,  test  all  the  reagents  used  by  running  a  blank  determination,  as  under  the 
working  directions. 

Weigh  out  5  grams  of  soil  and  transfer  to  a  round-bottom  hard-glass  digesting 
flask  marked  to  hold  250  cc;  add  0,7  gram  yellow  oxide  of  mercury,  5  cc  concen- 
trated sulfuric  acid,  and  10  cc  concentrated  nitric  acid;  cover  mouth  of  flask  with 
a  watch  glass  and  digest  for  one  hour  over  a  flame  just  sufiicient  to  keep  the  con- 
tents of  the  flask  boiling  gently,  without  expelling  the  acid  too  rapidly.  If  the 
boiling  has  proceeded  too  rapidly  jind  the  acid  becomes  too  low  before  the  end  of  the 
hour.  10  cc  more  of  nitric  acid  may  be  added,  (If  the  digestion  is  to  be  continued 
several  hours,  a  sand  bath  will  be  necessary,  as  the  contents  begin  to  bump  badly 
after  two  or  three  hours  boiling,)  "When  the  digestion  is  finished,  fasten  a  clamp  to 
neck  of  flask  just  above  bulb  and  heat  over  lamp  until  the  nitric  acid  is  all  expelled 
and  the  white  iumes  of  sulfuric  acid  appear.  During  this  heating  the  contents  of  the 
flask  should  be  kept  constantly  rotating  to  prevent  spattering.  The  heating  should 
not  be  discontinued  too  soon,  as  it  is  desirable  to  secure  the  action  of  the  sulfuric  acid 
alone  for  a  few  minutes.  After  the  ni  trie  acid  is  all  expelled,  cool,  fill  flask  about  one- 
half  full  of  water,  boil  for  a  few  minutes  to  break  up  the  cake.  cool,  and  add  ammonia 
in  slight  excess  (indicated  by  the  formation  of  a  permanent  ])recipitate) ;  add  20  cc 
of  saturated  ammonium  oxalate  solution  and  sufiicient  yellow  ammonium  sulfid 
solution  to  impart  a  yellow  color  to  the  liquid  in  the  flask  (10  or  15  cc  of  a  well- 
saturated  solution  will  be  sufiicient).  Fill  flask  nearly  to  mark  with  water,  wire  in 
a  rubber  stopper,  and  digest  in  a  water  bath  at  from  70-  to  80-  for  thirty  minutes,  cool, 
make  up  to  volume,  filter  through  a  dry  paper,  transfer  100  cc  of  the  filtrate  to  a 
platinum  dish,  and  evaporate  to  dryness  over  the  water  bath.  A  stirring  rod  should 
be  placed  in  the  dish  and  the  cake  of  sulfur  which  forms  over  the  surface  broken 
up  occasionally.  When  the  ammonium  salts  begin  to  form  a  crust  over  the  surface, 
Tigorous  stirring  for  a  few  minutes  will  cause  them  to  crystallize  out  and  allow  the 
evaporation  to  be  quickly  completed.  When  the  e\aporation  is  finished,  wipe  ofi"  the 
stirring  rod  with  a  small  piece  of  quantitative  filter  paper,  which  is  to  be  dropped 
into  the  dish,  transfer  to  an  air  bath  at  a  temperature  of  150- ,  and  heat  until  per- 
fectly dry,  from  one-half  to  one  hour.  Catch  the  dish  with  a  pair  of  platinum-tipped 
tongs,  which  are  supplied  with  a  clamp  to  hold  tliem  closed;  carefully  ignite  over  an 
ordinary  Bunsen  burner  until  ammouium  salts  are  expelled,  and  then  over  a  blast 
lamp  for  a  minute  or  two  until  the  filter  paper  is  entirely  burned  out  and  the  dish 
has  been  red  hot  all  over.  Dissolve  the  potasium  sulfate  in  water  with  the  addi- 
tion of  10  drops  concentrated  hydrochloric  acid  free  from  aunnonium  salts,  by  digest- 
ing over  the  water  bath  for  fifteen  minutes,  filter  into  a  platinum  or  porcelain  dish, 
wash  with  hot  water,  add  2  cc  of  platinum  solution,  and  evaporate  to  dryness;  add  1 
cc  of  water  and  20  cc  of  95  per  cent  alcohol;  place  the  dish  over  water  bath  until 
the  alcohol  begins  to  boil:  filter,  wash  thoroughly  with  li5  per  cent  alcohol,  then 
with  ammonium  chlorid  solution,  and  finally  very  thoroughly  with  alcohol,  (^ood 
results  can  not  be  secured  unless  the  washings,  and  especially  those  with  alcohol,  are 
very  complete,  Befoie  beginning  the  second  washing  with  alcohol  it  is  well  to  wipe 
off  the  ammonium  chlorid  on  the  funnel  above  the  paper.  Transfer  paper  and  pre- 
cipitate to  an  air  bath  at  110^,  dry  for  thirty  ndnutes,  place  paper  in  funnel,  and  dis- 
solve precipitate  in  water  almost  at  btriling  temperature,  receive  filtrate  in  a  weighed 
platinum  dish,  evaporate  to  dryness,  dry  at  110-  for  thirty  minutes,  cool  in  a  desic- 
cator, and  weigh. 

7388— Xo.  ^7 3 
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Beagents. — The  yellow  aminoniiim  sulfid  solution  is  made  by  adding  an  excess  of 
flowers  of  sulfur  to  a  bottle  of  strong  ammonia,  and  thoroughly  saturating  with 
H:S,  shaking  at  intervals.  When  no  more  sulfur  will  dissolve,  stopper  tightly  and 
filter  off  as  needed.  * 

The  other  reagents  not  already  described  are  the  same  as  used  in  the  Lindo- 
Gladding  method,  as  described  in  the  A.  O.  A.  C.  proceedings. 

Lexington,  Ky.,  March  12,  1S95. 

THE   RESULTS. 

Twenty-two  sets  of  samples  were  sent  out,  and  reports  were  received  from  fourteen 
chemists,  the  results  being  summarized  in  the  following  tables : 

Tables  I  and  III  need  no  explanation.  In  Table  II  the  percentages  of  P2O5  and  K.2O 
obtained  from  each  sample,  calculated  upon  tlie  fine  earth  dried  in  the  water  oven, 
are  given  in  the  columns  headed  with  tlie  numbers  of  the  respective  samj)les.  In 
the  last  three  columns  in  each  division  are  given  the  differences  between  the  per- 
centages of  P-iOs  or  KoO,  as  the  case  may  be,  obtained  in  the  samples  indicated  by 
the  two  numbers  at  the  head  of  each  of  these  columns.  Thus,  under  phosphoric 
acid,  we  have,  in  fifth  column,  headed  No.  1 — No.  3,  the  difference  between  the  per 
cents  of  PeOo  obtained  in  soils  Nos.  1  and  3,  and,  as  soil  No.  1  has  received  available 
P2O5  in  the  fertilizers  applied  to  it  for  a  number  of  years,  and  soil  No.  3  has  received 
none,  this  difference  should  represent  the  excess  of  PjOs  in  No.  1  over  that  in  No.  3, 
due  to  the  combined  effects  of  fertilization  and  cropping.  The  same  thing  is  shown 
for  the  Rhode  Island  soil  in  the  sixth  column,  headed  No.  4 — No.  2.  In  the  seventh 
column,  headed  No.  3 — No.  2,  we  have  the  difference  between  findings  of  P2O5  in  the 
Kentiicky  and  Rhode  Island  soils,  respectively,  where  none  has  been  applied  in  the 
fertilizer,  and,  inasmuch  as  the  Kentucky  soil  is  known  to  contain  an  abundance  of 
P.2O0,  mostly  in  available  form,  and  the  Rhode  Island  soil  appears  to  be  deficient  in 
this  constituent,  this  difference  ought  to  be  considerable,  and  ought  to  represent  an 
amount  Avhich  would  be  considered  a  liberal  supply  of  phosphoric  acid.  As  regards 
potash,  the  differences  in  the  column  headed  No.  3 — No.  I  should  represent  the  accu- 
mulation of  this  constituent  in  soil  No.  3  over  that  in  soil  No.  1,  due  to  fertilization 
and  cropping,  and  in  this  case  it  seems  to  be  proved  by  the  field  exjoerimeuts  at  the 
Kentucky  Station  that  enough  has  accumulated  to  supply  a  very  fair  c'roj)  of  corn  on 
No.  3,  while  No.  1  will  not  produce  an  average  one.  The  same  thing  is  shown  for  the 
Rhode  Island  soil  in  the  column  headed  No.  2 — No.  4 ;  and  in  tlie  last  column,  headed 
No.  4 — No.  1,  is  the  difference  between  the  amounts  of  K2O  in  the  Rhode  Island  and 
Kentucky  soils,  respectively,  where  no  K^O  has  been  applied  to  either  in  the  fertil- 
izer.    The  methods  of  analysis  employed  are  indicated  at  the  left  of  the  table. 
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Table  III. — Ash  sample. 
[Figures  in  italics  are  not  included  in  the  averages.] 


Soluble  SiO;^ 

Insoluble  SiO^  (santl) . 

Total  SiOa 

K2O 

NaaO. 

CaO 

MgO 

Mn,04 

Fe.Os 

AI2O3 

P2O5-  -  -  

SO3 = 

CO2 

CI 

Moisture 

Carbon 


Total. 


L.M.Bloom- 
field,  Ohio.  1 

Chaa.Eyau, 
Colorado.  1 

Chas.Ryan, 
Colorado.  ^ 

B.C.Keiser, 
Kentucky.' 

Average. 

15.14 

20.  938 

20.  3-27  '            15.  09 

45.  48 

37. 278 

37.  803  ;  ^          45.  77 

CO.  62 

58. 216 

58.130               60.86 

59.46 

5.88 

5.841 

5.332                5.42 

5.63 

.90 

1.77G 

1.305  j                .71 

1.18 

11.38 

12. 125 

11.2h8  '            11.14 

11.48 

7.93 

6.862 

7.  093                7.  05 

7.38 

26 

Thrace 

1                  11 

19 

1.40 

3.750 

>                       h.             1.9G 
7.327  !              7.C2 

1.G8 
.91 

7.57 

7.560 

7.52 

1.01 

1.030 

1.017                   .95 

1.01 

.83 

1.19 

1.19     ,              1.01 

1.01 

1.17 

1.13 

1.13                  1.10 

1.13 

.14 

.14 

1.18 

.860 

.703                 1.15 

.97 

100.  27 

100.  370 

98.  265 

100.  59 

99.69 

1  Of3ficial  method. 

2  Colorado  Station  method. 

3  Separated  from  the  Fe^jOs  ^7  tlie  tartaric  acid  and  ammonium  sulfid  method. 


REMARKS  AXD  EXTRACTS  FROM  REPORTS  OF  ANALYSTS, 

L.  M.  Bloomfield. — Time  did  not  permit  makiDg  blanks  to  test  chemicals.  The 
gravel  was  separated  with  a  30-mesh  sieve,  after  repeated  pestling  with  a  rubber- 
tipped  pestle.  Moisture  is  the  mean  of  two  determinations  made  at  different  times. 
Citric  acid  soluble  PiOs,  is  the  mean  of  two  independent  determinations.  Solutions 
prepared  by  shaking  by  hand  at  intervals  of  five  to  ten  minutes.  Had  difficulty  in 
the  ash  analysis  when  Fe^Clg  was  not  used. 

F.  TV.  Traphagen. — The  methods  of  the  circular  were  followed,  except  in  the  phos- 
phomolybdate  precipitation,  which  was  made  in  shorter  time.  The  filtrate  shoAved 
no  sign  of  the  presence  of  PjOs.  Thinks  thr.t  ten  hours'  digestion  with  HCl  is  too 
long,  and  suggests  that  five  hours'  digestion  be  investigated  next  year. 

TV.  G.  Brown  and  C.  C.  Moore. — The  first  set  of  samples  being  insufficient,  a  second 
lot  of  the  same  material  was  furnished  these  chemists.  The  differences  in  the  amounts 
of  gravel  separated  will  be  noted,  as  also  those  between  the  percentages  of  insoluble 
residue,  which  latter  are  means  of  closely  agreeing  duplicates.  The  percentages  of 
moisture  are  "the  lowest  obtained  after  drying  in  some  cases  for  thirty-one  hours,  it 
being  found  that,  whether  the  samples  were  dried  in  covered  or  uncovered  dishes,  the 
weights  varied  from  weighing  to  weighing — sometimes  Increasing,  sometimes  dimin- 
ishing.''  The  five  hour  digestions  were  made  according  to  tl.e  reporter's  directions,  the 
flasks  being  shaken  about  every  fifteen  minutes.  In  those  for  three,  five,  and  seven 
days  the  solutions  were  shaken  every  fifteen  minutes  during  seven  hours  each  day, 
resting  during  the  remaining  time.  The  mechanical  shaking  was  at  the  rate  of  50  to 
60  times  per  minute.  These  digestions  were  made  at  about  20°.  An  experiment 
made  at  30°  gave  with  1  per  cent  citric  acid  on  soil  No.  1,  0.0281  per  cent  P2O5 
and  0.0025  per  cent  K2O ;  with  the  acetic  acid  and  ammonium  oxalate  solution  on 
soil  No.  4,  0.0281  per  cent  P.Osand  0.0036  per  cent  K:0,  indicating  a  marked  increase 
of  solubility,  especially  of  the  P^O.^,  with  increase  of  temperature.     It  is  quite  prob- 
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able  that  this  fact  may  account  for  some  of  the  discrepancies  appearin.u;  between  the 
results  of  different  analysts,  and  particular  attention  is  here  called  to  it. 

Charles  Bi/an. — The  ammonium  oxalate  and  acetic  acid  solution  filtered  badly  and 
the  solvent  was  in  contact  with  the  soil  for  a  much  longer  time  than  the  other  sol- 
vents which  filtered  very  freely.  PcOj  in  Xo.  1  by  this  solvent  was  not  satisfactory, 
and  is  probably  too  high.  The  method  of  ash  analysis  practiced  at  the  Colorado 
Station  is  briedy  described  by  Dr.  Headden,  as  follows: 

To  50  cc  of  my  solution,  equivalent  to  about  1  gram  ash,  I  add  FeX'l;  in  excess; 
then  NajC0:5  and  XaC:H:;0:  in  sufficient  quantity  to  assure  the  conversion  of  my  bases 
into  acetates,  and  evaporate  to  dryness.  The  ju'ecipitate  contains  the  whole  of  the 
PiO;,  and  no  lime.  The  filtrate  is  always  clear  and  small  in  volume,  and  the  Mn304 
precipitates  readily.  I  find  the  repreci]>itation  of  the  calcium  oxalate  to  be  almost 
imperative,  provided  ammonium  oxalate  enough  is  added  to  convert  both  the  Ca 
and  Mg  into  oxalates.  The  determinations  with  which  I  have  the  greatest  difficulty 
are  the  SO3.  CaO,  and  MgO. 

Dr.  Headden  states  that,  if  the  solution  is  not  made  too  nearly  neutral  before  evap- 
orating, there  is  no  danger  of  Ca,  Mg,  or  Mn  going  down  with  the  iron  precii^itate.  The 
reporter  has  not  had  time  to  test  the  method,  but  if  it  works  as  well  as  Dr.  Headden 
claims,  it  certainly  has  very  marked  advantages,  avoiding,  as  it  does,  the  need  for 
accurate  neutralization  and  the  handling  of  bulky  x)recipitate8  and  solutions,  and 
deserves  further  trial.  Dr.  Headden  also  calls  attention  to  the  plus  error  in  SO.?  when 
precipitated  as  BaS04  in  presence  of  alkali  salts,  etc.,  and  to  the  loss  of  S  and  CT 
in  the  preparation  of  an  ash,  rendering  it  desirable  to  have  a  method  for  the  determ- 
ination of  these  substances  without  burning. 

C.  B.  Williams. — Determined  PjOs  both  gravimetrically  and  voluraetrically.  the 
figures  in  Table  II  uuder  the  latter  head  being  means  of  several  closely  agreeing 
results,  obtained  by  a  metliod  which  forms  the  subject  of  a  paper  read  before  this 
association.  Briefly,  the  method  consists  in  precipitating  the  phosphomolybdate  in 
the  usual  way,  after  which  it  is  filtered  and  washed  and  *•  dissolved  back  into  the 
same  beaker  with  2|  per  cent  ammonia;  run  in  nitric  acid  until  the  precipitate  just 
begins  to  form ;  add  10  grams  of  ammonium  nitrate,  and  heat  to  65-  in  water  bath  and 
nitric  acid  added,  with  vigorous  stirring  till  slightly  acid.  At  the  end  of  five  min- 
utes added  2  cc  molybdic  solution;  let  stand  eight  minutes,  filtered,  washed,  and 
titrated  according  to  Kilgore's  method."  Mr.  Williams's  duplicates  by  this  method 
were  very  close,  but  when  reprecipitation  Avas  not  resorted  to  they  presented  con- 
siderable variation.     He  reports  2.25  iier  cent  PjO;^  in  the  gravel  of  soil  Xo.  1. 

DISCUSSION    OF   RESULTS. 

Gravel. — From  Table  I  it  appears  at  once  that  the  present  method  of  separating 
the  gravel  from  the  fine  earth  is  highly  unsatisfactory.  Your  reporter  separated 
about  10  per  cent  of  clean,  washed  iron  gravel  from  soils  1  and  3,  in  which  other 
observers  reported  from  1.7  to  20.37  per  cent.  It  is  evident  that  an  uncertain  amount 
of  the  gravel  is  pulverized  in  the  process  of  separation.  The  remedy  which  suggests 
itself  is  to  avoid  so  much  pulverization  in.  the  determination  of  available  PcOs  and 
KjO,  etc.,  where  large  quantities  of  soil  are  taken,  by  the  use  of  a  coarser  sieve; 
but  for  those  determinations  such  as  the  general  analysis  or  total  PjOs  or  K:0,  where 
comparatively  small  quantities  of  soil  are  taken,  to  pulverize  the  gravel  until  it 
passes  the  one-half  mm.  sieve,  and  mix  it  with  the  fine  sample,  thus  insuring 
uniformity  of  material.  Your  reporters  therefore  recommend  that  the  method  of 
preparation  of  the  sample  for  analysis  be  modified  to  include  the  following:  (1) 
The  sample  to  be  sifted  first  through  a  sieve  with  circular  openings  2  mm.  in 
diameter.  A  portion  of  this  is  to  be  made  to  pass  a  sieve  with  circular  openings  one- 
half  mm.  diameter,  grinding  if  necessary.  The  coarser  soil  is  to  be  used  in  deter- 
minations, for  which  100  grams  or  more  of  soil  is  weighed  out;  tlie  finer  in  those  for 
which  smaller  portions 'are  taken. 


42 

Total  acid-sohible  PzOr,. — As  appeared  last  year,  a  greater  uniformity  obtains  in 
tiie  results  by  the  Goss  method  than  in  those  by  the  official  method.  This  is  shown 
more  clearly  in  the  following  table : 

Table  IY. — Goss's  method  for  FzO-,  compared  with  the  official  method. 


Per  cent  P2O5  by  Gross's  method. 

Per  cent  P.,05  by  official  method. 

Average  | 
5  chem-  j  Highest, 
ists. 

Lowest. 

Differ- 
ence, as 
per  cent 

of  the 

average. 

Average 
4  chem- 
ists. ' 

Highest. 

Lowest. 

Differ- 
ence, as 
per  cent 

of  the 
average. 

Sample  1^0. 1 

.462             .490 
.251             .287 

.442 
.219 
.429 
.214 

10.4 

27.1 

9.1 

40.5 

.451 
.172 
.396 
.193 

.510 
.268 
.462 
.267 

.324 

.117 
.  409 
.095 

41.2 

87.8 

Sample  Xo.3 

Sample  No.  4 

.450  1          .470 

.  262  i           .  320 

[ 

13.4 
89.1 

rinding.s  by  5  chemists  are  iuchided  in  No.  1. 


It  is  also  apparent  that  ten  hours'  digestion  in  HCl  sp.  gr.  1.115  does  not  extract  from 
soils  2  and  4  all  the  P2O5  that  is  capable  of  solution  in  strong  acids,  audit  is  probable 
that  the  same  thing  will  hold  for  vegetable  soils  generally.  In  the  opinion  of  .your 
reporters  the  present  method  for  P.2O5  by  HCl  digestion  is  unsatisfactory,  and  should 
be  replaced  by  one  which  will  insure  in  all  cases  the  complete  extraction  of  all  the 
P2O5  that  is  capable  of  solution  in  strong  acids.  This  should  eventually  be  supple- 
mented by  a  method  for  determining  the  solubility  of  this  P2O5  in  weaker  solvents. 
As  a  step  in  this  direction,  your  reporter  would  recommend  (2)  that  the  Goss  method 
for  P2O5  be  adopted  as  an  optional  method. 

Available  P-iOr,  and  K:>0. — To  intelligently  discuss  the  results  obtained  by  the 
action  of  weak  solvents,  we  must  bear  in  mind  the  character  of  the  soils  as  deter- 
mined by  field  experiments.  This  has  already  been  briefly  given,  and  from  it  we 
would  expect  that  any  method  capable  of  giv^ing  results  in  agreement  with  those  of 
field  experiments  should  bring  out  the  following  relations: 

(1)  The  amount  of  available  PeO.^s  shown  should  be  large  in  soils  1  and  3  and  small 
in  2  and  4,  and  the  difference  should  represent  an  amount  sufficient  to  supply  a  crop 
for  many  years.  Besides  this,  soil  1  should  contain  distinctly  more  than  soil  3,  and 
4  distinctly  more  than  2. 

(2)  The  amount  of  available  K2O  shown  should  be  small  in  soils  1  and  3,  and  prob- 
ably somewhat  larger  in  2  and  4,  though  this  last  point  is  not  as  clearly  brought  out 
'bj  the  field  results  as  could  be  desired.  Besides  this,  soil  3  should  contain  distinctly 
more  than  soil  1,  and  2  distinctly  more  than  4. 

As  these  soils,  taken  to  the  depth  sampled,  weigh  approximately  1,000,000  pounds 
per  acre,  the  figures  in  Table  II  may  be  made  to  roughly  represent  pounds  per  acre  by 
moving  the  decimal  point  four  places  to  the  right.  For  convenience,  the  averages 
by  the  three  principal  solvents  tested,  expressed  in  this  way,  are  brought  together 
in  the  following  table,  together  with  some  individual  results  that  seem  to  be  of 
special  significance  in  this  connection. 
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Table  V. — Available  P-O^  and  K^O  in  pounds  per  acre. 


Phosphor' -3  acid. 

Potash. 

X^nmhpr  nf  soil . 

1     !     2 

3      j     4 

i      1 

2 

3 

"FtiiH-iliiAfa  n-n-nlipd  fontainffl 

PK-  1  KN  1  KN        P 

P2f 

KN 

KN 

-r>            1         tr  -rt  r\       -  -rr  r\   ^     _i:„,l    „^.«   „„-^  ,'^    ^^,-.^ti 

Pounds  of  P9O5  or  K^O  applied  per  acre  in  seAcn 
years  less  that  removed  in  the  crop  in  same  time 

Average  per  year 

Citric  acid,  iive  hours'  digestion  (average) 

Acetic  acid  and  ammonium  oxalate,  five  hours'  di- 
gestion (average) 

Oxalic  acid.  G.3  grams  per  liter,  five  hours'  diges- 
tion (average) 

Oxalic  acid,  equivalent  to  1  per  cent  citric,  two 

hours'  digestion  (Peter  and  Keisev) 1, 135 

Oxalic  acid,  1  per  cent,  five  hours'  digestion  (Jaffa) 

Acid  potassium  oxalate,  equivalent  to  1  per  cent 
citric,  tAvo  hours'  digestion  (P.  and  K.) 

Acetic  acid,  equivalent  to  1  per  cent  citric,  two 
hours'  digestion  (P.  and  K.  i 


562 


1.100 


1,067 




—267 

'-134  . 

178 

235 

175 

39 

122 

331 

66  i 

286 

60 

142 

153 

575 

180 

60 

158 

319 
200 


133 


062 
040 


356 
250 


297 

42 

50         37 

113  54 

74         77 

87  29 


(70        189 


1  Eemoved  in  the  crop  during  seven  years. 

It  is  readily  seen  that  tbe  relations  looked  for  are  brought  ont  in  a  more  or  less 
perfect  manner  by  each  of  the  solvents  tried,  bnt  it  appears  that  fixe  honrs"  diges- 
tion with  oxalic  acid,  6.3  grams  to  the  liter,  while  it  brings  them  ont  better  than 
the  1  X)er  cent  citric  acid,  does  not  do  so  as  well  as  a  stronger  solntion  of  oxalic  acid. 
The  indications  are  that  more  advantageons  conditions  and  perhax)S  better  solvents 
may  be  found  than  those  tried  this  year.  For  this  reason  your  reporters  desire 
simply  to  report  progress  in  this  direction  ^without  recommending  any  method  for 
available  P.-Os  and  K.:0  in  soils. 

Total  nitrogen. — With  many  soils  it  is  almost  impossible  to  boil  14  grams  with  20  cc 
HcSOj,  and  the  amount  of  nitrogen  present  is  often  such  that  it  is  not  necessary 
that  as  much  as  14  grams  be  used.  Your  reporters  therefore  recommend.  (3)  that  in 
the  method  for  total  nitrogen,  page  389  (13),  instead  of  '-14  grams  of  soil*'  read  'H 
to  14  grams  of  soil.'' 

Ash  analysis. — The  same  difficulty  seems  to  exist  in  the  separation  of  soluble  silica 
and  sand  as  last  year,  for  which  we  have  no  remedy  to  suggest.  It  is  very  apparent 
also  that  the  amount  of  acid  prescribed  for  re-solution  of  the  residue  after  evapora- 
tion to  dryness  is  insufficient,  and  that  it  is  imperative  to  remove  all  F^O;^  from  the 
solution  before  the  separation  of  Mn,  Ca,  and  Mg.  We  therefore  recommend:  (4) 
on  page  390,  under  the  heading '' Analysis  of  the  ash,'"  fourth  line  of  tlie  para- 
graph, for  "with  2  or  3  cc  HCl "'  read  '-'with  5  or  10  cc  HCl :  "  and,  (.")  i  on  page 
391  (2),  after  "oO  to  100  cc  of  Solution  A,"  insert  the  words  "after  the  addition  of 
enough  Fe:ClH  solution  to  combine  with  all  the  P,05  present." 

Your  reporters  desire  to  express  their  thanks  to  the  chemists  who  took  ])art  in  the 
soil  and  ash  work  for  their  generous  cooperation. 


RECOMMENDATIONS    OF    THE    ItEPORTERS   OX    SOIL   AND    ASH. 

(1)  The  soil  to  be  sifted  iirst  through  a  sieve  with  circular  openings  2  mm.  in 
diameter,  a  portion  of  this  to  be  made  to  pass  a  sieve  with  circular  openings  one-half 
mm.  diameter,  grinding  if  necessary.  The  coarser  soil  is  to  be  nse<l  in  all  determina- 
tions for  which  100  grams  or  more  is  weighed  out,  the  finer  in  those  for  wliich  smaller 
portions  are  taken.     (Such  are  the  general  analysis,  total  PX)-,  and  K.O,  etc.) 
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(2)  That  the  Goss  method  for  P2O5  be  adopted  as  an  optional  method. 

(3)  In  method  for  nitrogen,  page  389  (13).  instead  of  '^1-1  grams  of  soil"'  read  "7 
to  14  grams  of  soil."^ 

(4)  On  page  390,  under  the  heading  "Analysis  of  the  ash/'  fourth  line  of  the  para- 
graph, for  ''  with  2  or  3  cc  HCP'  read  '^  with  5  or  10  cc  HCl." 

(5)  On  page  391  (2)  insert,  after  ''50  to  100  cc  of  Solution  A,"  the  words  '•'  after  the 
addition  of  enough  FcoCle  solution  to  combine  with  all  the  P2O0  present." 

The  recommeudations  were  considered  by  the  committee  on  recommendations  of 
reporters  and  reported  bach  as  follows: 

(1)  Same  as  reporters'  Xo.  2. 

(2)  Same  as  reporters'  No.  3,  with  the  addition  of  the  words  "  except  in  case  of 
muck  or  peat  soils." 

(3)  Same  as  i-eporters'  No.  4. 

(4)  Same  as  reporters'  No.  5. 
The  committee  also  reported,  in  regard  to  the  suggestions  of  Professor  Whitney, 

substantially  that,  while  they  recognized  the  importance  of  physical  methods  in  the 
examination  of  soils,  they  did  not  consider  it  necessary  to  recommend  the  appoint- 
ment of  a  reporter  upon  this  subject,  especially  as  there  is  now  a  division  of  the 
U.  S.  Department  of  Agriculture  devoted  to  it. 
The  recommendations  as  finally  adopted  by  the  association  read  as  follows; 

(1)  That  the  Goss  method  for  P2O5  be  adopted  as  an  optional  method. 

(2)  Total  nitrogen  is  determined  by  the  Kjeldahl  method,  modified  to  include 
nitrates,  as  described  by  the  committee  on  nitrogen. 

(3)  On  page  390,  under  the  heading  ••  Analysis  of  the  ash,"  fourth  line  of  the  x)ara- 
graph,  for  ''with  2  or 3  cc  HCl,"  read  "  with  5  or  10  cc  HCl." 

(4)  On  page  391  (2),  after  "50  to  100  cc  of  Solution  A,"  insert  the  words  '-after 
the  addition  of  enough  Fe^Clfi  solution  to  combine  with  all  the  P2O5  present.'' 

MECHANICAL   ANALYSES. 

Prof.  Milton  Whitney  kindly  consented  to  have  mechanical  analyses  of  the  soils 
made  in  the  laboratory  of  the  Division  of  Agricultural  Soils,  and  a  set  of  the  reporters' 
samples  was  furnished  him.  The  following  are  the  results — Nos.  153  and  279  being 
the  Ehode  Island  soils  (reporters'  Nos.  2  and  4),  and  Nos.  130  and  277  being  the  Ken- 
tucky soils  (reporters'  Nos.  1  and  3) : 
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Perct. 

Perct. 

Perct. 

Perct. 

Perct. 

153 

J.  P.  Alexander 

L72 

8.92 

4.37 

5.23 

9.53 

8.49 

26.79 

25.43 

6.34 

5.55 

S.  Kev 

2.15 

7.62 

2.71 

4.74 

9.52 

8.62 

27.18 

29.10 

4.03 

4.37 

Do 

1.33 

9.27 

.55 

2.67 

8.21 

8.01 

33.82 

27.35 

3.57 

5.80 

Average 

J.  P.  Alexander 

1.73 

8.60 

2.54 

4.21 

9.90 

8.37 

29.10 

27.29 

4.65 

5.34 

279 

1.71 

8.56 

1.82 

3.21 

6.28 

5.13  1  27.53 

36.54 

*4.32 

4.94 

S.Kev 

2.16 

8.96 

.23 

1.54 

5.32 

4.41  '  39.76 

29.13 

3.68 

3.95 

Do 

2.36 

7.43 

L24 

2.99 

5.65 

5.31     S.'i.Sl 

30.60 

4.29 

3.97 

Average 

2.08 

8.32 

LIO 

2.58 

5.75 

4.95 



34.20 

32.09 

4.10 

4.29 

By  difference. 


1  Note. — It  was  understood  that  the  rest  of  paragraph  (13),  beginning  with  "When 
the  digestion  is  completed,"  etc.,  shall  remain  the  same  as  now,  the  new  reading 
t:iking  the  place  of  the  first  sentence  only. — A.  M.  P. 
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Mechanical  analy-ses  of  the  soils — Continued. 
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Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

130 

J".  P.  Alexauder 

1.94 

7.28 

3.36 

3.46 

2.45 

1.42 

4.01 

35.  50 

20.39 

21.45 

S.  Key 

2.59 

6.08 

2.31 

4.32 

2.73 

1.12 

4.58 

49.75 

11.72 

15.44 

Do 

Avera^je 

J.  P.  Alexander 

2.30 

6.31 

1.40 

3.41 

2.62 

1.01 

'5.85 

49.39 

10.64 

16.60 

2.28 

6.46 

2.36 

3.73 

2.60 

1.22 

4.81 

44.88 

14.25 

17.83 

277 

1.90 

7.14 

2.46 

2.94 

2.48 

1.41 

5.23 

40.16 

16.28 

21.00 

S.  Kev 

2.53 

6.32 

1.33 

3.13 

2.81 

1.27 

5.  51 

50.  48 

12.19 

14.08 

Do 

Average 

Average  of  153  and  279 

2. 10 

6.78 

.93 

3.18 

3.05 

1.25 

7.15 

48.54 

10.04 

17.47 

2.20 

6.75 

1.57 

3.08 

2.78 

1.31 

5.90 

46.39 

12.84 

17.52 

(reporters'  2  and  4) . . 

1.9U 

8.46 

1.82 

3.40 

7.82 

6.66 

31.65 

29.69 

4.38 

4.81 

Average  of  130  and  277 

(reporters'  1  and  3).. 

2.24 

6.60 

1.96 

3.10 

2.69 

1.26 

5.28 

45.63 

13.  54 

17.67 

The  analyses  were  made  by  the  Osborne  beaker  method,  slightlj^  modified  as  to 
some  of  the  details. 

The  results  are  practically  identical  for  153  and  279  (Rhode  Island  soils),  and  for 
130  and  277  (Kentucky  soils),  which  was  to  be  expected,  considering  the  origin  of 
these  samples,  as  already  explained. 

In  commenting  upon  this  report  Professor  Whitney  remarks: 

From  this  analysis  I  would  have  no  hesitation  in  assigning  to  samples  1.53  and  279 
a  very  ditferent  agricultural  Aalue  from  samples  130  and  277.  The  former  have  the 
same  texture  as  our  early  truck  soils,  while  the  latter  have  the  same  texture  as  our 
corn  and  wheat  lands,  being  in  fact  rather  light  for  prolitable  wheat  j^roduction. 

The  Peesidext.  You  have  the  rei)ort  of  the  committee  on  soils  and 
ash;  are  there  any  x:)apers  to  be  i)reseute(l  on  this  subject  ? 
Mr.  \Yheeler.  I  have  a  short  paper  I  would  like  to  preseut. 


ON  THE  NECESSITY  OF  TESTS  EOK  ACIDITY  ON  UPLAND  OE  NATUEALLY 

WELL-DEAINED  SOILS. 
By  H.  J.  Wheelei:. 

In  1890.  in  experiments  with  ammonium  sulfate  upon  the  Experiment  Station  farm 
at  Kingston,  R.  I.,  it  was  found,  when  applied  at  the  rate  of  120,  240,  and  360  pounds 
per  acre,  and  in  connection  with  muriate  of  potash  and  superphosphate,  that  injurious 
results  followed,  increasing  generally  in  proportion  with  the  amounts  applied.  The 
soil  is  a  sandy  loam  underlaid  by  yellow  loam  and  then  alternating  layers  of  sand 
and  gravel,  furnishing  good  natural  drainage.  The  natural  water  level  is  from  15  to 
18  feet  below  the  surface,  and  the  land  is  in  no  sense  what  would  be  termed  heavy  or 
Avet.  At  Hope  Valley,  R.  I,,  on  sandy  loam  located  on  a  hilltop,  the  results  with 
ammonium  sulfate  under  like  conditions  were  good  in  1890.  fair  in  1891,  and  in  1892 
positively  injurious.  The  soils  in  both  localities,  when  stirred  to  a  thick  paste  with 
water,  impart  to  blue  litmus  paper  a  marked  acid  reaction  which  persists  upon  dry- 
ing. An  application  of  air-slncked  lime  fully  corrected  the  condition  and  enabled 
the  plants  to  derive  their  full  beneficial  efi'ect  from  the  ammonium  salt,  thus  har- 
monizing with  contemporaneous  results  secured  by  Paul  Wagncu-and  Dorsch.  wherein 
they  showed  that  nuirl  increased  the  etfectiveness  of  amuionium  salts  more  than  of 
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sodium  nitrate  iu  experiments  with  summer  rape  grown  in  peat  (Torf ).  These  results 
led  to  a  study  of  the  effect  of  acid  soil  upon  the  growth  of  various  plants,  and  to 
tests  of  soil  from  Rhode  Island,  Massachusetts,  Connecticut,  and  other  States.  Many 
soils  were  tested  in  localities  where  beets,  spinach,  onions,  lettuce,  and  clover  could 
not  he  grown  with  any  measure  of  success,  and  where  it  was  impossible  to  secure  a 
good  stand  of  certain  kinds  of  grass.  In  all  such  cases  marked  acid  reactions  were 
obtained,  though,  owing  to  the  lack  of  a  suitable  method  for  determining  relative 
soil  acidity,  fully  satisfactory  comparisons  of  the  soils  could  not  be  made.  Tests 
with  air-slacked  lime  in  connection  with  beets  at  Westerly,  R.  I.,  though  not  com- 
pleted, show  a  decided  benefit  under  similar  conditions,  as  has  also  an  experiment  on 
oats  on  a  farm  at  West  Kingston.  It  Avill  thus  be  seen  that  positive  data  have  been, 
secured  in  three  locations,  two  of  which  are  at  points  from  15  to  20  miles  remote 
from  the  Experiment  Station  farm.  It  should  be  stated  here  that  tests  for  proto- 
sulfate  of  iron  have  been  made  on  several  occasions,  which  have  given  in  every 
case  negative  results.  Aqueous  extracts  from  the  soil  give  but  a  faint  acid  reaction, 
and  have  been  found  to  contain  salts  of  iron  which  show  no  iron  reaction  with  ordi- 
nary reagents  until  after  evaporation,  ignition,  and  subsequent  solution.  These  data 
show  that  protosulfate  of  iron  is  not  the  cause  of  the  acid  reaction,  nor  account- 
able for  the  injurious  action  of  this  soil  upon  tlie  growth  of  certain  plants,  but  rather 
that  the  acid  reaction  is  probably  due  to  extremely  insoluble  organic  acids  or  acid 
salts.  That  such  a  condition  should  exist  may  seem  at  first  thought  surjirising,  but 
when  we  consider  that  the  soil  is  derived  from  granite  containing  orthoclase  instead 
of  oligoclase,  and  mica  instead  of  hornblende,  it  will  be  seen,  particularly  where 
the  soils  are  composed  chiefly  of  granitic  drift  containing  much  silica,  that  the 
amounts  of  bases  liberated  in  the  natural  processes  of  decomposition  are  small  com- 
pared Avith  the  amount  of  organic  acids  continually  produced  by  the  humification  of 
decaying  plants,  and  furthermore,  under  such  conditions,  the  natural  acidity  must 
tend  to  delay  nitrification,  and  to  the  conservation  of  humus  Avithin  the  soil.  In  a 
soil  derived  from  rock  containing  an  abundance  of  calcium  carbonate  such  condi- 
tions are  inconceivable.  On  theoretical  grounds,  then,  having  recognized  the  exist- 
efice  of  acidity  in  such  soils,  and  sometimes  to  such  an  extent  as  to  seriously  interfere 
with  nitrification  and  with  the  growth  of  certain  plants,  even  when  supplied  with 
nitrates,  it  must  be  apparent  that  a  determination  of  the  lime  by  the  use  of  hydro- 
chloric acid  as  a  solvent  can  furnish  no  evidence  of  their  productiveness  even  when 
the  physical  conditions  are  perfect  and  an  abundant  supply  of  all  the  essential  ele- 
ments is  present.  That  such  is  actually  the  fact  is  shown  by  the  continued  ill  effect 
for  three  years  of  ammonium  sulfate  when  used  in  connection  with  calcium  sul- 
fate, and  of  its  effectiveness  when  a  like  amount  of  calcium  oxid  has  been  employed 
in  the  form  of  air-slacked  lime.  It  is  furthermore  shown  in  a  striking  way  by  experi- 
ments at  the  experiment  station  this  season  upon  beets,  where  the  use  of  calcium 
oxid  in  the  form  of  land  plaster,  while  of  decided  benefit  to  the  crop,  is  far  inferior 
to  a  like  amount  in  the  form  of  air-slacked  lime. 

In  pot  experiments  with  beets,  where  900  pounds  of  sodium  carbonate  per  acre 
has  been  used  for  two  successive  years,  the  results  have  been  better  than  where  air- 
slacked  lime  was  used,  in  quantities  amounting  last  year  to  2i  tons  and  this  year  to 
one-half  ton  per  acre  additional,  and  in  the  yield  where  magnesium  hydroxid  was 
employed  in  quantities  representing  the  same  basic  action  as  the  sodium  carbonate, 
the  results  have  been  but  little  inferior  to  those  with  the  air-slacked  lime.  It  might 
perhaps  be  argued  that  this  action  of  the  sodium  carbonate  and  magnesium  hydroxid 
finds  its  explanation  in  the  liberation  of  lime,  yet  this  does  not,  in  view  of  the  experi- 
ments heretofore  cited,  seem  probable  except  to  a  limited  extent.  In  further  sup- 
port of  the  idea  that  acidity  is  the  point  with  which  we  have  chiefly  to  deal,  and 
tbat  the  action  of  calcium  carbonate,  magnesium  hydroxid,  and  sodium  carbonate  is 
attributable  iu  a  large  measure  to  their  neutralizing  function,  it  should  be  stated 
that  the  results  from  the  use  of  calcium  carbonate  and  sodium  carbonate  have  been 
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excellent  with  lettuce  and  spinach  as  Avell  as  with  beets,  and  that  most  of  these 
plants  otherwise  succumb  to  the  acid  conditions  before  developing  th<'ir  second 
leaves,  and  this  occurs  at  whatever  season  of  the  year  and  larj^ely  regardless  of  soil 
conditions  as  concerns  moisture.  It  may,  however,  be  said  that  the  injurious  action 
is  intensified  in  dry  periods,  possibly  owing  to  the  fact  of  greater  intimacy  of  con- 
tact of  the  roots  with  the  soil  particles  or  to  other  causes.  That  there  is  not  suffi- 
cient time  to  enable  young  beet,  spinach,  and  lettuce  plants  to  develop  to  the  extent 
of  perfecting  a  second  pair  of  leaves  is  not  jjossible  in  view  of  the  fact  that  lime 
enough  is  jiresent  for  the  profitable  production  of  many  rye  and  Indian  corn  crops 
in  succession,  and  this  seems  further  impossible  in  view  of  the  fact  that  a  few  of 
the  beet  plants  which  succeed  in  withstanding  the  conditions  at  the  outstart,  though 
never  growing  luxuriantly,  yet  produce  roots  of  considerable  size. 

These  statements  seem  sufficient  to  substantiate  the  i)ositiou  taken,  and  also  to 
show  that  the  soil  conditions  described  are  not  confined  to  the  limits  of  our  Exjjeri- 
ment  Station  farm,  but  that  they  exist  at  other  points  in  the  State,  and  perhax)8 
elsewhere,  in  varying  degrees  of  intensitj'.  That  such  a  condition  of  this  class  of 
soils  has  not  heretofore  been  recognized  in  this  country  is  not  surprising,  in  view 
of  the  fact  that  the  degree  of  acidity  is  perhaps  never  so  great  as  to  destroy  all  of 
the  plants,  even  of  those  kinds  which  are  most  susceptible  to  acid  conditions,  and 
the  fact  that  many  die  has  probably  been  attributed  to  lack  of  vitality  of  the  seed 
employed  and  to  attacks  of  insects  and  fungi.  Again,  Indian  corn,  rye,  several  of 
the  grasses,  French  turnips,  potatoes,  and  several  other  plants,  thrive  nearly  as  well 
or  better  before  liming  than  after,  i)rovided  considerable  lime  is  used  and  the  crop 
immediately  succeeds  the  liming.  Barnyard  manure  and  wood  ashes  are  much  used 
in  our  section,  though  in  insufficient  quantities  to  maintain  fertility,  and  yet  suffi- 
cient in  amount  to  ameliorate  somewhat  the  acid  condition.  Considering,  therefore, 
the  kinds  of  plants  grown  and  this  latter  factor,  there  is  less  need  for  surprise  at 
the  previous  nonrecoguition  of  the  acidity.  On  the  other  hand,  where  j)lants  have 
failed,  defective  physical  soil  conditions  or  some  other  plausible  theory  has  always 
suggested  itself;  as  an  example  of  whicli,  we  were  told  that  clover  would  not  suc- 
ceed in  our  section  owing  to  winterkilling.  Notwithstanding  this,  however,  by  the 
aid  of  lime  magnificent  crops  have  been  grown,  and  careful  observation  has  shown 
that  without  lime  the  plants  died,  as  a  rule,  before  winter — a  fact  which  the  farmers 
failed  to  observe. 

A  visitor  at  our  Station  in  1894,  who  had  viewed  the  experiments  in  the  above- 
mentioned  lines  and  who  was  familiar  with  experimental  observations  made  uj^on 
the  growth  of  garden  vegetables  in  another  State,  asserted  that  there,  no  matter 
how  well  certain  plants  were  supplied  with  potash,  phosphoric  acid,  and  nitrogen 
in  form  of  chemicals,  they  failed  to  make  a  satisfactory  growth,  and  that  those 
plants  were  the  very  ones  which  in  our  experiments  have  been  found  to  be  most 
injured  by  our  soil  conditions.  It  has  been  most  interesting  to  learn  that  subsequent 
trials  of  lime  upon  this  land  have  been  followed  by  the  most  gratifying  results  in 
connection  particularly  with  wheat,  clover,  and  timothy,  all  of  which  have  been 
found  to  succeed  poorly  on  our  acid  soil.  That  this  soil  is  acid  appears  possible, 
though  no  opportunity  for  testing  it  has  thus  far  been  afforded. 

If  such  conditions  are  found  to  exist  to  considerable  extent  among  the  exhausted 
lands  of  sections  of  New  England  and  perhaps  of  other  States,  then  the  farmer,  or 
the  experiment  station  for  him,  is  in  position,  by  a  simple,  quick,  and  inexpensive 
test,  to  prescribe  for  the  first  needs  of  the  soil,  whereby  it  can  be  put  in  condition  to 
X)roduce  profitable  return  for  the  money  invested  in  the  three  €o-called  essential  ele- 
ments, particularly  when  those  plants  are  grown  which  are  not  fully  successful  on 
acid  soils.  In  the  work  by  Galloway,  in  which  the  growth  of  lettuce  in  a  Boston 
market  garden  soil  was  superior  to  that  in  a  granitic  soil  from  another  place,  the 
possibility  suggests  itself,  in  view  of  the  great  susce])tibility  of  this  plant  to  injury 
by  acidity,  that  the  previous  barnyard  manure  treatment  on  the  one  hand  and  the 
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possible  acidity  of  the  soil  ou  the  other  may  have  had  their  bearing  upon  the  results, 
as  well  as  the  i>hysical  constitution  of  the  soil  to  which  the  observed  differences 
were  wholly  attributed.  It  is  hoped  that  experimenters  elsewhere,  particularly  in 
sections  where  limestone  does  not  prevail  and  where  the  natural  rocks  are  not  of  a 
basic  nature,  will  make  observations  and  experiments  in  the  same  line,  for  wherever 
such  conditions  prevail  their  recognition  has  a  more  important  beax"ing  and  must  be 
more  far-reaching  than  a  mere  local  observation  that  lime  benefited  certain  plants. 

Mr.  Wheeler.  I  liave  also  papers  by  Messrs.  Harry  Snyder  and 
Joliu  Tliomiisou  wliich  I  desire  to  read  to  the  association. 

DETEEMINATION  OP  THE  TOTAL  INSOLUBLE  MATTEK,  PHOSPHOEIO  AOID, 

LIME,  AND  POTASH  IN  SOILS. 

By  Harky  Sxydek. 

The  complete  analysis  of  a  soil  involves  so  much  labor  in  the  determination  of 
elements  which  are  of  minor  importance  in  agriculture  that  it  seems  best  to  concen- 
trate the  work  so  as  to  include  only  the  more  important  constituents.  In  this  method 
of  procedure  the  phosphoric  acid,  lime,  and  potash  precipitates  are  from  the  entire 
5  or  10  grams  of  soil  used,  thus  insuring  larger  quantities  to  work  with,  and  at 
the  same  time  each  precipitation  is  also  a  preparation  for  the  next  operation,  so  that 
when  the  potash  determination  is  reached  it  is  not  necessary  to  repeat  the  work  of 
removing  the  ammonia  and  ammonium  oxalate  precipitates.  The  total  insoluble 
matter  is  determined  in  the  usual  way  by  digestion  in  a  soil  flask.  ^  The  acid  solution 
is  preciijitated  with  ammonia;  the  precipitated  j^hosphoric  acid,  ferric  oxid,  and 
alumina  are  dissolved  in  dilute  nitric  acid,  and  the  phosphoric  acid  determined  by  one 
of  the  oflicial  methods.  The  filtrate  from  the  ammonia  j)recipitate  is  concentrated, 
and  the  lime  is  precipitated  with  ammonium  oxalate.  The  titration  of  the  oxalate 
with  permanganate  will  be  found  more  rapid  and  equally  as  accurate  as  the  gravi- 
metric process.  In  dissolving  the  lime,  in  case  there  is  a  large  quantity,  much  time 
will  be  gained  by  washing  the  precipitate  into  an  Erlenmeyer  flask  with  hot  water, 
and  not  attempting  to  dissolve  in  dilute  acid;  20  cc  of  R>S04  are  added,  slowly,  down 
the  sides  of  the  flask ;  the  lime  will  then  go  into  solution  immediately  without  the 
use  of  any  HCl.  The  H2SO4  raises  the  temperature  of  the  solution  to  about  the 
right  degree  for  the  titration. 

Potash. — Up  to  this  point  all  of  the  work  has  been  preparatory  to  the  potash  deter- 
mination. Inasmuch  as  the  determination  of  the  soil  potash  is  by  far  the  most 
difficult  and  is  also  one  of  the  most  important  determinations,  the  details  are  given 
somewhat  more  fully. 

The  filtrate  from  the  ammonium  oxalate  precipitate  is  evaporated  to  dryness  and 
ignited  in  a  platinum  dish.  The  residue  is  dissolved  in  hot  water,  a  few  drops  of 
ammonium  oxalate  added,  and  all  insoluble  matter  removed  by  filtering.  The  filtrate 
is  evaporated  to  dryness  and  ignited  a  second  time.  If  the  residue  is  completely 
soluble  in  hot  water,  which  is  rarely  the  case,  the  ijlatinic  chlorid  (4  cc)  solution 
is  then  added.  If  the  residue  is  insoluble  in  hot  water,  the  solution  is  filtered  again 
and  concentrated  before  adding  the  platinic  chlorid.  After  the  platinic  chlorid  is 
added,  the  solution  is  evaporated  to  a  sirupy  consistency,  when  the  95  per  cent  alco- 
hol is  added.  Vigorous  stirring  of  the  solution  materially  hastens  the  precipitation 
of  the  double  salt.  The  potassium  chlorplatinate  is  collected  on  a  small  filter, 
washed  first  with  alcohol  until  free  from  chlorin,  then  with  10  cc  of  a  half- concen- 
trated solution  of  ammonium  chlorid  saturated  with  potassium  chlorplatinate  to 
remove  impurities,  and  finally  with  alcohol.  In  all  of  the  filtrations  the  washings 
are  continued  until  tests  with  silver  nitrate  give  no  reaction  for  chlorin. 


iBul.  42,  p.  386,  TJ.  S.  Dept.  of  Agr.  Div.  Chem. 
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The  precipitated  double  salt  is  dried  to  remove  alcohol,  the  tilters  are  then  replaced 
in  the  faunels  with  the  proper  weighed  platinum  dishes  under  the  funnels.  Hot 
water  is  added  to  dissolve  the  double  chlorid.  There  is,  in  the  case  of  soils,  a  mate- 
rial amount  of  insoluble  impurities  left  in  the  filters  which  would  otherwise  be 
weighed  as  potash.  The  solution  is  evaporated  to  dryness :  the  double  salt  is  weighed 
after  drying  in  an  air  bath  at  120. 

The  separate  removals  of  the  ammonia  and  ammonium  oxalate  jirecipitates  and 
the  insoluble  matters  after  ignition,  as  well  as  the  final  solution  of  the  double  salt, 
are  all  necessary  in  order  to  obtain  a  precipitate  of  potassium  chlorplatinate  free 
from  impurities.  The  method  as  outlined  has  been  followed  in  the  analyses  of  the 
association  soil  samples,  1895  : 


Xo.  1 , 


Xo 


Xr 


Xo.  4. 


Total  insoluble 

Phosphoric  acid  (P2O5) . 

LimerCaO) 

PotashfK^O) 


Percent. 

Pe 

■  cent. 

Percent. 

Per  cent. 

81.  57 

82.80 

81.55 

82.35 

.48 

.22 

.40 

.20 

.31 

.18 

.51 

.21 

.  25 

.17 

.26 

.10 

ErFEOTS  OF  THE  PKESENOE  OF  A  FEW  DKOPS  OF  NITEIO  ACID  IN  THE 
AOID  DIGESTION  OF  SOILS. 

By  Joiix  Thompsox. 

In  the  method  of  soil  analysis  as  given  by  Dr.  Hilgard  the  weighed  cj[uantity,  etc., 
is  treated  with  8  to  10  times  its  bulk  of  hydrochloric  acid  of  1.115  S2).  gr.,  and  2  to  3 
drops  of  nitric  acid,  and  digested  for  five  days  over  the  laboratory  steam  bath.  In  the 
method  as  outlined  by  Dr.  Kedzie  the  nitric  acid  was  omitted,  but  later  it  was  added 
to  the  acid  filtrate.  In  order  to  determine  the  eftects  of  the  presence  or  absence  of 
these  few  drops  of  nitric  acid,  the  present  association  samples  were  given  both 
methods  of  treatment.  Five  grams  of  soil  were  digested  with  50  cc  HCl  (1.115  sp. 
gr.).  In  Series  II,  4  drops  of  nitric  acid  were  added  to  the  HCl.  Hilgard  advises  2  or 
3  drops  of  HXO:^  with  2  or  2.5  grams  of  soil.  The  digestions  of  both  series  were 
continued  for  ten  hours.  The  average  differences,  0.22  per  cent  of  less  total  insolu- 
ble matter^  and  0.01  per  cent  more  phosphoric  acid,  when  the  nitric  acid  is  present, 
are  very  small,  but  it  is  to  be  noted  they  are  always  in  favor  of  the  increased  solu- 
bility when  the  1  drops  of  nitric  acid  are  present. 


Soil  Xo.  1. 


Soil  X'^o.  2. 


SoilXo.  3. 


Soil  Xo.  4. 


Sejit?/-    l"nJJ-  Series!,    gjTL'J'  S-gg^-    ^^S^S^'.^^^'^H^ 


HXOs 


HNO3. 


HXO3. 


Averages:  0.22  per  cent  less  insoluble  matter  with  HXO3:  0.01  percent  more  P.^Oj  with  HXO3. 

Mr.  Goss.  I  desire  to  present  a  paper  ou  the  deteriuiuatioii  of  plios- 
plioric  acid  and  potash  in  soils. 
7388—^^0.  -17 4 
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COI^CEENING  THE  DETEEMINATION  OP  PHOSPHORIC  ACID  AND  POTASH 

IN  SOILS. 
By  Arthur  Goss.  ; 

I.— GENERAL  CONSIDEEATION. 

Iuvestigator.s  in  the  subject  of  soil  analysis  seem  to  l)e  pretty  well  agreed  at 
present  that  at  least  two  jjoints  should  be  aimed  at  in  the  analysis  of  soils — these  are 
the  plant  food  immediately  available,  and  the  reserve  store  whi(di  may  be  expected 
to  become  available  in  the  future.  Some  knowledge  of  both  these  points  seemsto  be 
necessary  in  order  to  draw  correct  conclusions  in  regard  to  the  present  and  future 
ability  of  soils  to  produce  plants.  Neither  alone  may  be  of  much  value.  It  has  been 
repeatedly  demonstrated,  for  example,  that  the  total  amount  of  phosphoiic  acid  or 
potash  present  in  soils,  or  even  the  total  amount  of  those  substances  soluble  in  strong 
acids,  is  often  in  no  way  proportional  to  their  present  plant  producing  powers,  and 
it  is  not  difi&cult  to  imagine  a  soil  containing  sufficient  available  phosphoric  acid 
and  potash  for  a  few  crops  with  insufficient  total  to  insure  any  permanent  fertility. 

In  regard  to  the  proper  solvents  to  use  in  the  analysis  of  soils,  if  I  may  be  permitted 
a  Avord  on  that  time-honored  theme,  I  would  say  that  for  immediately  available 
plant  food  it  seems  to  me  that  a  very  weak  solvent  should  be  used,  or  at  least  the  condi- 
tions of  solution  so  regulated  that  only  a  A^ery  small  amount  of  plant  food  should  be 
dissolved. 

It  is  a  matter  of  very  simple  calculation  to  show  that  the  amount  of  phosphoric 
acid  and  potash  removed  from  an  ordinary  soil  each  year  by  plants  is  only  a  very 
small  amount  of  the  total  present;  hence,  if  we  are  to  imitate  ])lant  action,  it  seems 
evident  that  a  large  amount  of  soil  must  be  taken  for  analysis  and  a  very  small 
amount  of  plant  food  dissolved. 

Furthermore,  as  the  dividing  line  between  the  immediately  available  and  the 
reserve  store  of  plant  food  in  a  soil  is  not  at  all  definitely  drawn,  it  seems  to  me  that 
any  method  for  the  estimation  of  available  plant  food  in  soils  must  necessarily  be 
purely  arbitrary.  In  the  exhaustion  of  soils  we  do  not  secure  maximum  crops  up  to 
a  certain  point,  after  which  no  crops  at  all  can  be  obtained;  but,  on  the  other  hand, 
the  exhaustion  is  a  gradually  decreasing  process,  and  is  never  absolutely  completed. 

In  regard  to  the  solvent  itself,  it  is  a  a  ery  difficult  luatter  to  determine  Avhat  should 
be  selected,  owing  to  the  decided  difference  in  soils  themselves  and  in  the  ability 
of  different  plants  to  secure  food  from  soils.  A  great  many  diflerent  substances 
haA'^e  been  tried  for  this  purpose,  usually  with  more  or  less  uncertainty  as  to  inter- 
IDretation  of  results  secured.  As  acids  exuded  by  the  roots  of  plants  undoubtedly 
play  a  more  or  less  important  part  in  securing  food  from  the  soil,  the  search  for  the 
proper  solvent  has  been,  A^ery  naturally,  most  often  among  the  acids.  As  has  already 
been  noted,  however,  one  objection  to  the  use  of  a  diluted  acid  is  the  fact  that  most 
soils  contain  magnesium  and  calcium  carbonates,  and  other  material  which  would 
to  a  greater  or  less  extent  neutralize  a  weak  acid,  and  of  course  one  could  not  expect 
the  same  solvent  effect  from  the  salts  formed  as  from  the  acid  itself.  It  has  been 
suggested  that  this  difficulty  might  be  obviated  by  a  x>relimioary  determination 
of  the  basicity  of  the  soil,  and  an  excess  of  solvent  added  sufficient  to  neutralize  the 
amount  of  base  found.  In  the  case  of  carbonates  this  might  possibly  be  done  with 
more  or  less  certainty,  and,  I  think,  should  be  done  if  an  acid  solvent  should  be 
found  most  desirable.  In  the  case  of  such  basic  material  as  iron  oxid,  howcA^er,  the 
solution  of  Avhich  is  only  partial  in  weak  acids,  I  do  not  see  how  it  Avould  be  possible 
to  make  the  correction  for  the  dilution  of  the  solvent  with  any  degree  of  certainty. 
Any  weak  solvent  would,  however,  be  more  or  less  ojien  to  the  same  objection. 

Taking  this  fact  alone  into  account,  it  would  perhaps  seem  advisable  to  use  a  neu- 
tral solvent  for  the  estimation  of  available  phosphoric  acid  and  potash,  provided  one 
could  be  found  which  would  represent  plant  action.     There  are  certain  theoretical 
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considerations,  however,  a  discussion  of  which  hick  of  space  will  not  permit  me  to 
enter  into  in  this  paper,  that  would  seem  to  point  to  the  use  of  an  alkaline  solvent  for 
available  phosphoric  acid,  and  it  is  my  intention  to  do  some  work  along  this  line  in 
the  near  future. 

As  the  solubility  of  phosphoric  acid  and  potash  are  so  different,  it  may  be  found 
advisable  to  employ  a  different  solvent  for  each. 

Another  point  in  connection  with  the  determination  of  the  availability  of  plant 
food  in  soils  that  seems  to  me  to  be  of  sufficient  importance  to  warrant  further  work 
is  the  relative  composition  of  plants  grown  on  different  soils.  During  the  past 
season  some  very  striking  examples  have  come  under  my  observation  in  regard  to 
the  ability  of  certain  plants  to  take  up  an  unusual  amount  of  potash  when  that 
substance  was  present  in  the  soil  in  very  large  amount.  The  important  point  at 
issue  would,  of  course,  be  as  to  whether  these  plants  grown  in  soils  dehcient  in 
available  x)otash  would  show  a  corresponding  deficiency  in  the  ash. 

In  regard  to  the  reserve  store  of  plant  food  in  soils,  it  seems,  for  a  number  of 
reasons,  to  be  of  little  importance  in  most  cases  to  determine  the  total  amount 
present.  It  can  readily  be  seen,  for  example,  that  phosphoric  acid  or  potash  in  the 
center  of  a  quartz  pebble  would  be  totally  unavailable,  at  least  within  x^i'eseut 
geological  time;  hence,  the  availability  of  phosphoric  acid  and  jiotash  may  not  be 
proportional  to  the  total  amount  present. 

As  it  seems  to  be  true  that  mineral  plant  food  in  the  soil  can  only  enter  the  plant 
when  in  the  form  of  solution,  it  would  likewise  seem  to  be  true  that  the  solubility 
of  plant  food  in  the  soil  should  be  a  lueasure  of  its  availability.  This  being  the  case, 
it  would  seem  reasonable  to  suppose  that  of  two  soils  which  had  been  exhausted  of 
their  store  of  immediately  available  plant  food  the  one  yielding  the  greater  amount 
to  a  solvent  acting  more  rapidlj'  than  those  at  the  command  of  plants  would  produce 
available  plant  food  faster  than  one  yielding  a  smaller  quantity.  To  illustrate  by  an 
example,  if  two  portions  of  some  difficultly  soluble  material,  one  of  double  the 
quantity  of  the  other,  be  treated  for  exactly  the  same  length  of  time,  which  shall 
be  insufficient  to  insure  complete  solution,  with  exactly  the  same  amount  of  solvent, 
which  shall  be  sufficient  in  quantity  to  insure  an  unsaturated  solution,  it  will  be 
found  that  more  material  has  been  dissolved  in  the  case  where  the  larger  quantity 
of  material  was  used.  Moreover  it  would  seem  to  be  important  as  one  part  of  the 
analysis  to  attack  the  soil  with  some  strong  solvent  in  order  to  gain  some  knowledge 
of  the  reserve  store  of  plant  food  present.  Such  a  treatment  also  becomes  doubly 
important,  as  Hilgard  has  repeatedly  pointed  out,  in  the  case  of  virgin  soils  where 
the  amount  of  plant  food  soluble  in  strong  solvents  would  naturally  be  expected  to 
be  to  a  greater  or  less  extent  proportional  to  their  present  fertility.  It  would  there- 
fore seem  to  be  desirable  to  use  one  of  the  strong  mineral  acids  as  a  measure  of  the 
solubility  of  the  reserve  store  of  plant  food  in  soils. 

As  to  the  proper  acid  to  use,  as  the  matter  at  best  can  only  be  arbitrary,  it  seems 
to  me  that  so  far  as  interpretation  of  results  is  concerned  it  makes  little  difference 
whether  we  use  hydrochloric,  nitric,  or  sulfuric  acid.  In  the  case  of  phosphoric  acid 
at  least,  I  think  that  whichever  acid  is  chosen  should  be  allowed  to  act  until  solu- 
tion is  practically  complete.  It  happens,  fortunately,  in  the  case  of  phosphoric  acid, 
that  the  maximum  solvent  action  of  hydrochloric,  nitric,  and  sulfuric  acids  usually 
seem  to  be  about  the  same,  so  that  for  phosphoric  acid,  at  least,  it  seems  to  me  that 
we  should  be  guided  in  the  choice  of  a  strong  solvent  very  largely  bj-  the  time 
necessary  to  reach  the  maximum  solvent  effect  and  by  the  ease  and  accuracy  of  sub- 
sequent manipulation.  In  regard  to  the  time  necessary  to  reach  the  maximum  sol- 
vent effect,  there  can  be  no  question  as  to  the  decided  superiority  of  sulfuric  acid, 
and  as  to  ease  and  accuracy  of  subseciuent  work,  with  proper  care,  sulfuric  acid  is, 
in  my  opinion,  quite  as  good  as  either  hydrochloric  or  nitric.  For  these  reasons  T  am 
very  strongly  in  favor  of  sulfuric  acid,  aided  by  mercuric  osid,  as  the  solvent  for 
reserve  phosphoric  acid  in  soils. 
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The  selectioQ  of  the  proper  solvent  for  reserve  potash  is,  iu  my  opinion,  a  matter 
of  more  uncertainty,  owing  to  the  fact  that  the  maximum  solvent  effect  of  different 
acids  is  quite  liable  to  he  decidedly  different.  So  far  as  interpretation  of  results  is 
concerned,  it  might  he  about  as  well  to  make  the  matter  entirely  arbitrary  as  to  time 
of  digestion,  etc.  If  this  should  be  done,  hydrochloric  acid,  acting  for  a  reasonable 
length  of  time,  would,  in  my  opinion,  be  the  most  desirable  solvent. 

If,  on  the  other  hand,  it  is  thought  desirable  to  work  to  the  maximum  solvent 
effect  of  one  of  the  acids  mentioned,  there  can  be  no  doubt  concerning  the  superiority 
of  sulfuric  acid,  so  far  as  the  time  necessary  to  reach  that  point  is  concerned.  The 
use  of  sulfuric  acid  for  this  purpose  is,  however,  unfortunately  attended  with  some 
analytical  difficulty,  owing  to  the  fact  that  in  order  to  secure  enough  acid  to  suc- 
cessfully boil  the  necessary  amount  of  soil  the  resulting  solution  contains  so  much 
of  that  acid  or  its  salts  that  its  expulsion  becomes  troublesome.  13y  diluting  the 
sulfuric  acid,  hoAvevor,  with  two  or  three  times  its  volume  of  concentrated  nitric 
acid,  this  difficulty  can  largely  be  avoided.  This  mixture  seems  to  reach  the  maxi- 
mum solvent  effect  in  a  comparatively  short  time,  and  is  withal  about  the  most 
satisfactory  solvent  I  have  yet  been  able  to  find  for  that  purpose.  If,  however,  a 
ready  means  of  expelling  ammonium  sulfate  could  be  found,  I  would  be  in  favor  of 
using  sulfuric  acid  alone.  ^ 

The  objection  to  the  use  of  hydrochloric  acid  for  this  purpose  is  the  great  length 
of  time  necessary  to  secure  maximum  action,  Avhich,  when  the  digestion  is  made  at 
the  boiling  temperature,  has  been  found  to  be  five  days,  and  in  some  cases  even 
longer. 

In  this  modern  rush  of  affairs  it  seems  to  me  that  we  can  not  afford  to  use  analytical 
methods  requiring  such  lengths  of  time  if  it  is  possible  to  avoid  the  same.  It  must 
be  apparent  to  all  who  have  done  this  class  of  work  that  unless  the  time  required 
by  most  of  the  methods  of  soil  analysis  at  present  in  use  is  very  materially  reduced, 
this  subject  must  remain  of  minor  importance. 

It  was  thought,  in  this  connection,  that  a  tabulated  statement  of  some  results 
secured  by  myself  and  others  in  regard  to  the  comparative  action  of  sulfuric  and 
hydrochloric  acids  in  dissolving  potash  in  soils  might  be  of  interest.  The  figures 
are  given  in  Table  I. 

Table  I. 


Number  of  soil. 


62 

62 

123 

12B.. 

133 

133 

133 

1895,A.O.A.C.,l. 


Kind  of  soil. 


A^Vhere  from. 


Acid  used. 


'"tu^rii' 'Hours    Per 


Do. 


New  Mexico  Experi- 
ment Station. 
do 

Knox  County,  Ind  . . . 
do 


Sedimentary 
clay  loam. 

do 

Clay 

do 

Adobe California 

do do 

do do 

Clay Kentucky    Experi- 

I      ment  Station. 
do ; do 


5  cc  H2SO4,  15 

cc  HNO3. 
....do 


HCl 


.  ..ich 
digested. 


100= 


5  cc  H2SO4,  15  '        {■') 

cc  HNOg. 
H2SO4 


lOQc 


ed.    :  KjO. 


4 

1 
4 
1 
4 
120 
1 


1.37 

1.37 
.57 
..52 
1.20 
1.15 
1 1.  31 
.53 

.56 


*  Boiling  acids.  t  Analyzed  under  the  direction  of  E.  TV.  Hilgard. 

1  The  manipulation  in  the  determination  of  potash  in  soils  by  the  use  of  sulfuric, 
sulfuric  and  nitric,  or  any  other  strong  acid  method  that  I  have  tried,  is  somewhat 
difficult  and  requires  considerable  practice  to  secure  satisfactory  results.  For  this 
reason  I  do  not  believe  we  should  be  in  a  hurry  to  adopt  any  strong  acid  method  for 
potash  before  the  same  has  been  thoroughly  tried. 
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Table  I — Continued. 


100=.... 

36 

t.42 

100=.... 

120 

-i .  40 

(') 

:.52 

100= 

36 

i.ol 

r) 

:.79 

100=.... 

36 

:.T2 

in 

!.70 

100=.... 

36 

;.63 

V') 

.50 

100= 

36 

.53 

(*) 

.55 

100=.... 

120 

.45 

(*) 

.45 

100=.... 

120 

.41 

?u™raf"  Hours     Per 
Number  of  soil.        Kind  of  soil.  Wliere  from.  Ardd  used.  whieli     'litest-    ceut 

digested.      ^^-       ^20. 

1894.  A.  O.  A.  C.  3..    Clay Kentucky    Experi-  H.SOj (*)  1         .51 

ment  Station. 

Do do do HCl 

Do do do HCl 

1894.  A.  0.  A.  C.  5 do Beard,  Ky H^SOj 

Do do do HCl 

2304 Helena H2SO4 

2304 do HCl 

2306 do H.,S04 

2306 do HCl 

121 Clay Beard. Ky H2.SO4 

121 do do HCl 

124 Clay  loam Knox  County.  Ind H.,.S04 

124 do do HCl 

99 Clay do H2SO4 

99 do do HCl 

*  Boiling  acids.  *  Analyzed  by  A.  M.  Peter. 

^  Average  from  1894  A.  O.  A.  C.  soil  work. 

By  referring  to  the  figures  in  Table  I.  the  first  thing  apparent  is  the  considerable 
variation  in  results,  making  general  conclusions  more  or  less  uncertain.  This  would 
naturally  be  expected,  however,  in  the  case  of  a  determination  where  the  propor- 
tional amount  of  substance  dissolved  varies  in  different  cases  and  is  often  only  a 
small  portion  of  the  total  amount  present. 

It  would  seem,  however,  that  one  hour's  boiling  with  sulfuric  or  sulfuric  and  nitric 
acids  usually  removes  about  as  much  potash  as  longer  treatment  with  the  same  sol- 
vent, and  that  this  amount  is  usually  somewhat  similar  to  that  secured  by  the  usual 
long-time  digestion  with  hydrochloric  acid.  There  are  doubtless  exceptional  cases, 
however,  in  which  one  hour's  boiling  with  sulfuric  acid  would  not  entirely  reach  the 
maximum  solvent  efiect  of  that  acid:  but  I  believe  such  cases  are  not  ^'ery  common, 

II.— COXCERXIXG  THE  MAXIMUM  SOLVEXT  EFFECT  OF  SULFUEIC, 
XITRIC,  HYDROCHLORIC,  OXALIC,  AXD  CITRIC  ACIDS  FOR  PHOSPHORIC 
ACID  AXD  POTASH  IX  SOILS. 

In  order  to  gain  some  information  in  regard  to  the  relative  maximum  efi'ect  of  the 
acids  mentioned  above  in  dissolving  phosphoric  acid  andpotash  in  soils  the  following 
experiment  was  recently  conducted: 

In  order,  if  possible,  to  reach  the  maximum  efiect  of  the  acids,  the  digestions  were 
continued  at  the  temperature  of  boiling  water  for  twenty  days.  While  it  may  l>e 
possible,  that  in  the  case  of  some  of  the  acids  employed  the  solvent  action  would  con- 
tinue for  more  than  twenty  days,  especially  in  the  case  of  jiotash.  it  is  altogetlier 
likely  that  solution  would  usually  be  practically  comi)lete  far  within  that  time. 
Loughridge  has  shown,'  for  example,  that  in  the  case  of  a  soil  with  which  he 
experimented  the  solvent  effect  of  hydrochloric  acid  was  complete  in  five  days 
when  the  digestion  was  performed  at  the  temperature  of  boiling  water. 

The  soil  used  in  this  experiment  was  this  year's  A.  O.  A.  C,  sample  No,  1,  being  a 
very  finely  divided  clay  from  the  Kentucky  Exj)eriment  Station  farm,  proven  by 
several  years'  trial  to  contain  sufficient  available  phosphoric  acid  to  grow  good  crops, 
but  insufficient  available  potash  for  that  purpose. 
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The  sulfuric,  liydrocliloric,  aud  nitric  acids  used  Tvere  the  concentrated  C.  P, 
acids  diluted  with  an  equal  volume  of  water. 

The  oxalic  and  citric  acids  contained  10  grams  of  the  crystallized  acids  in  100  cc 
of  solution.     All  reagents  employed  were  tested  for  phosphoric  acid  aud  potash. 

The  results  secured  are  given  in  Table  II.  For  the  sake  of  comparison,  the  results 
secured  on  this  soil  by  digestiou,  with  some  of  the  acids  mentioned,  for  adifferent  time 
and  under  different  conditions,  are  also  given: 

Table  II. 


Strengtli  of 
acid. 


Time 
digested. 


Sp.gT.  1.548. 
Sp.gr.  1.260. 
Sp.gr.  1.094. 


20  days 

do  . 

do  . 


Sulfuric 

IJitric  

Hydrochloric 

Oxalic 10  per  cent do  . . 

Citric do~ ' do  .. 

H2SO4  +  HgO Concentrated  .    1  hour  . . 

5  cc  H2SO4, 15  cc  HjSTOs do do  . . 

HCl j  Sp.gr.  1.115... I  10  hours 

HNO3 Concentrated  .  j  48  hours 


Tem]Derature  at 
which  digested. 


Boiling  water. 

....do  

...  do  

...-do  

do 

Boiling  H^SOi 
Boiling  acids  . 
Boiling  water. 
do 


Per  cent 

P.Os 
dissolved. 


442 
455 
452 

,455 
422 

,442 


,425 
,46:j 


Per  cent 

K2O 
dissolved. 


By  referring  to  the  figures  in  Table  II,  it  will  be  seen  that  in  the  case  of  phos- 
phoric acid  there  was  very  little  difference  in  the  amount  dissolved  by  the  different 
acids.  In  the  case  of  potash,  on  the  other  hand,  the  difference  in  the  amount  dis- 
solved by  the  different  acids  is  very  decided.  In  general,  this  is  about  what  has 
been  found  by  other  investigators  in  the  case  of  different  soils.  For  example, 
Snyder  has  shown,i  in  the  case  of  a  soil  that  he  treated  for  only  thirty-six  hours 
with  a  number  of  acids,  that  sulfuric,  hydrochloric,  nitric,  and  even  citric  acid 
removed  about  the  same  amount  of  phosphoric  acid,  which  amount  was  only  a  very 
little  less  than  the  total  amount  present  as  determined  by  fusion  with  alkaline 
carbonates.  In  the  case  of  x)otash,  however,  the  amount  removed  was  quite  different 
with  different  acids,  and  in  no  case  was  nearly  the  total  amount  present. 

By  referring  to  the  table  it  will  be  seen  that  in  the  case  of  this  soil  one  hour's 
boiling  with  concentrated  sulfuric  acid  and  mercuric  oxid  dissolved  exactly  the  same 
amount  of  phosphoric  acid  as  was  dissolved  by  sulfuric  acid  in  twenty  days,  and 
practically  the  same  as  was  dissolved  by  the  other  acids  in  the  same  length  of  time. 

By  referring  to  the  averages  of  the  A.  O.  A.  C.  soil  work  for  1894,  it  will  also  be 
found  that  one  hour's  digestion  with  sulfuric  acid  and  mercuric  oxid  dissolved 
about  the  same  amount  of  phosphoric  acid  as  two  days'  digestion  with  nitric  or 
thirty-six  hours'  digestion  with  hydrochloric  acid. 

Again,  by  referring  to  the  description  of  the  sulfuric  acid  method  for  the  deter- 
mination of  phosphoric  acid  in  soils,  as  outlined  by  myself  in  the  report  of  this 
association  for  1894,  it  will  be  found  that,  on  the  average,  one  hour's  boiling  with 
sulfuric  acid  and  mercuric  oxid  dissolved  practically  the  same  amount  of  phos- 
phoric acid  in  the  case  of  a  considerable  number  of  soils  from  several  parts  of  the 
United  States  as  was  dissolved  by  the  usual  longer  digestions  with  nitric  and  hydro- 
chloric acids. 

This  being  the  case,  the  question  naturally  arises.  Why  wait  thirty-six  hours  or 
two  days  to  secure  the  maximum  solvent  effect  of  hydrochloric  or  nitric  acid  for 
phosphoric  acid  when  the  same  end  can  be  reached  in  fully  as  satisfactory  a  manner 
with  sulfuric  acid  aided  by  mercuric  oxid  in  one  hour?  As  a  matter  of  fact,  we  do 
not  in  New  Mexico. 
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Another  very  interesting  point  brought  ont  iu  this  work  is  the  comparatively 
small  amount  of  potiish  dissolved  in  this  soil  hy  nitric  acid,  and  the  consequent  prob- 
able indication  of  the  value  of  that  acid  as  a  solvent  for  available  potash. 

80  much  for  a  brief  general  consideration  of  the  subject  of  the  determination  of 
phosphoric  acid  and  potash  in  soils.  Wo  will  now  pass  to  the  consideration  of  one  or 
two  special  points  in  connection  with  the  determination  of  phosphoric  acid. 

III.— C.ONCERNING  THE  COMPLETENESS  OF  PRECIPITATION  OF  PHOS- 
PHORIC ACID  IN  SOIL  SOLUTIONS  WITH  MOLYBDATE  SOLUTION  BY  THE 
HIGH  TEMPERATURE  AND  SHORT  TIME   METHOD  OF  PRECIPITATION. 

It  has  been  stated  that  small  amounts  of  phosphoric  acid  can  not  be  completely 
precipitated  from  soil  solutions  in  so  short  a  time  as  twenty-five  minutes.  In  order 
to  further  test  this  point,  the  following  experiment  was  tried: 

To  portions  of  100  cc  each  of  the  filtrate  from  the  phosphoric  acid  determination 
in  soil  No.  1  were  added  known  amounts  of  phosphoric  acid  in  the  form  of  sodium 
phosi)hate,  and  the  precipitation  made  as  before.  The  utmost  care  was  taken  to 
secure  filtrates  for  this  work  as  free  from  phosphoric  acid  as  it  was  possible  to  get 
them.  There  was  none  of  that  substance  remaining  which  could  be  precipitated  with 
molybdate  solution,  either  in  the  bath  at  a  high  temperature  or  upon  standing  forty- 
eight  hours. 

To  the  first  portion  of  100  cc  was  added  an  amount  of  P.jOo  corresponding  to  0.01 
per  cent  in  an  actual  determination  where  4  grams  of  soil  is  taken.  The  second  por- 
tion received  an  amount  corresponding  to  0.10  per  cent  and  the  third  to  0.50  per  cent. 
The  precipitations  were  made  in  the  bath  at  80^  in  fifteen  minutes,  as  usual,  and 
allowed  to  settle  for  ten  minutes  before  filtering.  An  additional  amount  of  molybdate 
solution  was  added  to  each  sufficient  to  make  the  total  amount  present  about  75  cc. 

As  a  check  on  the  absence  of  phosphoric  acid  in  the  solutions,  portions  of  100  cc 
each  of  distilled  water  containing  0.01  per  cent  of  P2O5  were  precipitated  in  the  same 
manner. 

In  all  cases  the  yellow  precipitate  formed  very  promptly,  and  so  far  as  general 
appearance  was  concerned  the  precipitation  was  entirely  satisfactory.  The  reagents 
used  were  proven  free  from  phosphoric  acid.  The  results  secured  are  given  in 
Table  III : 

Table  III. 


Cc  H2O 
taken. 

1 

Cc»soil 
filtrate 
taken. 

Grams 
P2O5 added. 

Per  cent         p,„„    „ 
P2O5  added.       ^T^^™« 
calculated  \  „p„„^05 
to4  grams.    '^^^''^^'^^^• 

Per  cent       Per  cent 

PaOs         P2O5  recov- 
recovered,       ered  in 
calculated      excess  of 
to  4  grams,  that  added. 

Per  cent 
P.,05  in- 
soluble in 
ammonia. 

i                100 

0.  0004 
.0004 
.0040 
.0200 

0.010 
.010 
.100 
.500 

0.0006             n  oif^             0  nn.T 

1 

100 
100 
100 

.0007 
.0041 
.0204 

.017                .007 
.  104                 .  004 
.510  I              .010 

0.  005 
.050 

1 

By  referring  to  the  figures  in  Table  III,  it  will  be  noticed  that  the  results  in  eacli 
case  instead  of  being  low  are  slightly  high,  and  it  is  my  oi)inion  that,  as  a  rule,  there 
is  more  danger  of  getting  high  than  low  results  in  precipitating  the  ])hosphoric  acid 
in  soil  S(dutions.  This  statement,  I  believe,  applies  not  only  to  the  high  tempera- 
ture method  of  precipitation,  but  to  precipitation  in  the  cold  or  at  any  temperature 
below  80"=^,  provided  the  same  be  complete.  With  experience  and  care,  however,  I 
am  sure  results  can  be  uniformly  obtained  which  will  be  very  nearly  correct.  The 
greatest  difierence  in  any  case  between  the  amount  found  and  the  amount  actually 
present  was  but  .01  per  cent  in  the  case  of  the  solution  containing  an  amount  equiv- 
alent to  .5  per  cent— an  amount  insufficient  to  have  any  practical  bearing  on  the 
interpretation  of  results. 
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As  to  the  completeness  of  the  precipitation  of  small  amounts  of  phosphoric  acid 
in  fifteen  minntes  at  80-^,  I  can  only  repeat,  after  another  year's  work,  that  I  have 
yet  to  find  a  single  example  to  the  contrary  where  the  essential  conditions  of  the 
precipitation  are  correct. 

IV.  — COMPARISON  OF  THE  HIGH  TEMPERATURE  AND  SHORT  TIME 
METHOD  OF  PRECIPITATING  PHOSPHORIC  ACID  IN  SOIL  SOLUTIONS 
WITH  THE  LOW  TEMPERATURE  AND  LONG  TIME  METHOD. 

In  many  of  the  directions  for  precipitating  phosphoric  acid  in  soil  solutions  with 
molyhdate  solution  the  use  of  a  comparatively  low  temperature  is  called  for. 

Under  such  conditions^  if  the  solution  be  very  dilute,  it  is  necessary  to  allow 
twelve  hours,  or  in  exceptional  cases  double  that  time  or  more,  for  complete  j^recipita- 
tion.  In  more  concentrated  solutions  the  time  necessary  for  complete  precipitation 
isconsiderably  less,  but  even  then  several  hours  are  found  to  be  necessary  in  the  case 
of  soil  solutions. 

It  has  also  been  stated  that  in  solutions  containing  much  aluminium  the  precipi- 
tation of  phosphoric  acid  with  molybdate  solution  can  not  be  safely  accomplished  at 
a  high  temperature,  owing  to  the  fact  that  under  such  conditions  the  precipitate  is 
liable  to  carry  down  aluminium,  to  avoid  which  it  is  necessary  to  make  the  precipi- 
tation at  a  low  temperature. 

As  aluminium  is  practically  always  present  in  acid  solutions  from  soils,  and  is 
undoubtedly  sometimes  carried  down  from  such  solutions  when  precipitating  phos- 
phoric acid  with  molybdate  solution,  rendering  impossible  the  complete  solution  of 
the  phosphoric  acid  when  dissolving  the  yellow  precipitate  in  ammonia,  it  has 
seemed  to  me  to  be  of  sufficient  importance  to  make  a  further  study  of  the  matter  in 
connection  with  this  year's  soil  work. 

The  results  secured  on  the  above  points  are  given  in  Table  IV: 

Table  IV. 


Samples. 

Aver- 
age. 

Xo.  1. 

No.  2. 

ISg.  3. 

No.  4. 

Xo.  120. 

Solution  by  1  hour's  boiling  -vrith  H2SO4  and.  HgO : 

PaOs  precipitated  in  fifteen  minutes  at  80° 

P.2O5  insoluble  in  ammonia  when  dissolving  yel- 

Per  ct. 
0.442 

.042 

.439 
.064 

.4.30 
.057 

.425 
.011 

.412 
.005 

Per  ct. 
0.249 

.011 

Per  ct. 
0.438 

Per  ct. 
1  0.  253 

Per  ct. 
0.057 

Per  ct 
0.319 

.019 

P2O5   from    same  solution   precipitated  hot  in 
beaker,  stood  in  cold  twenty- four  hours 

.249 
.015 

.422 

1.210 

.041 

.315 
.030 

P.2O5  from  same  solution  precipitated  cold  stood 



Solution  by  ten  hours'  digestion  with  HCl  at  100°: 
P.)Os  precipitated  in  twelvehoursat40° 

.103 

.... 

P^Os  in.soluble  in  ammonia   .     .   . 

.008 

PgOg  from  same  solution  precipitated  in  fifteen 

P-O5  insoluble  in  ammonia          

! 

1  Not  included  in  the  average. 

In  referring  to  the  figures  in  Table  IV  it  Avill  be  seen,  in  the  first  place,  that 
rapid  precipitation  at  a  high  temperature  gave  practically  the  same  results  as  slow 
precipitation  at  a  low  temperature  so  far  as  the  total  amount  of  phosphoric  acid  is 
concerned. 
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In  regard  to  the  amount  of  phosphoric  acid  left  upon  dissolving  the  yellow  precipi- 
tate in  ammonia,  it  will  be  seen  that  the  slow  precipitation  at  a  low  temperature, 
instead  of  giving  less,  actually  gave  somewhat  more.  It  would  seem  then  that  .slow 
precijiitation  at  a  low  temperature  is  not  only  no  better  in  this  respect  than  rapid 
precijiitation  at  a  high  temjierature,  but  is,  as  a  matter  of  fact,  not  quite  so  good. 
I  believe  this  result  to  be  due,  in  part  at  least,  to  the  fact  that,  in  the  slow  precipi- 
tation, the  precipitate  adheres  to  the  sides  of  the  vessel  in  Avhich  the  precipitation 
is  made  much  worse  than  in  the  case  of  rapid  precipitation,  thus  making  the  thorough 
washing  of  the  precipitate  more  diflficult. 

It  will  be  noticed  that  the  solution  obtained  by  ten  hours'  digestion  with  hydro- 
chloric acid  gave  a  slight  insoluble  jirecipitate  as  well  as  the  sulfuric  acid  solution, 
and  it  has  been  my  experience  that  nitric  acid  solutions  also  sometimes  give  the  same 
trouble.  As  would  naturally  be  expected,  the  solution  obtained  by  one  hour's  boiling 
with  concentrated  sulfuric  acid  gave  somewhat  more  of  this  insolul)le  precipitate 
than  the  solution  obtained  by  ten  hours'*  treatment  with  hydrochloric  acid.  This 
is  probably  due  to  the  greater  amount  of  aluminium  present  in  the  sulfuric  acid 
solution. 

A  second  precipitation  is  necessary,  however,  in  either  case  whenever  the  insoluble 
precipitate  is  present  in  any  considerable  quantity,  so  that  so  far  as  this  point  is 
concerned  it  makes  practically  very  little  ditferencc  whether  the  solution  is  made 
with  sulfuric,  hydrochloric,  or  nitric  acid. 

By  referring  to  Table  III.  it  will  be  seen  that  the  same  insoluble  precipitate  was 
present  upon  adding  phosphoric  acid  to  a  soil  solution  from  which  the  phosphoric 
acid  had  already  been  precipitated  and  precipitating  a  second  time.  From  the 
results  given  in  Table  III,  it  would  also  seem  that  the  amount  of  insoluble  precipi- 
tate is,  in  the  same  solution,  in  a  rough  way  proportional  to  the  amount  of  phos- 
phoric acid  present. 

Incidentally,  a  striking  example  of  the  long  time  necessary  for  the  complete 
precipitation  of  phosphoric  acid  in  dilute  soil  solution  upon  standing  in  the  cold, 
was  furnished  in  this  work. 

By  referring  to  Table  IV.  it  will  be  seen  that,  in  the  case  of  soil  Xo.  4,  the  amount 
secured  by  precipitation  in  the  cold  was  considerably  less  than  by  the  high  temper- 
ature precipitation.  This  particular  solution  did  not  stand  as  long  as  the  other, 
and  alter  filtering  off  the  precipitate  a  further  precipitate  formed  in  the  filtrate 
upon  standing.  This  was  not  added  to  the  first  amount,  which  accounts  for  the  low 
results  in  this  case. 

Unfortunately  a  close  record  was  not  kept  of  the  time  this  series  of  solutions 
stood  to  precipitate,  as  this  point  was  not  under  observation  at  the  time.  There  is 
no  doubt,  however,  in  regard  to  the  statement  that  in  the  case  of  soils  Xos.  1,  2,  and 
3  the  solutions  stood  more  than  twenty-four  hours  to  precijiitate,  and  no  further  pre- 
cipitation occurred  in  the  filtrates,  while  in  the  case  of  Xo.  4  the  solution  stood 
between  twelve  and  twenty-four  hours,  and  the  precipitation  was  incomplete.  As  tliis 
determination,  as  well  as  most  of  the  others  recorded  in  this  table,  Avas  made  in 
duplicate,  there  is  little  probability  of  a  mistake  as  to  the  facts  in  the  case. 

In  conclusion,  I  will  say  that  in  the  case  of  soil  work  I  am  very  decidedly  in 
favor  of  the  quick  precipitation  of  phosphoric  acid  at  a  high  temperature.  To  be 
sure,  a  little  experience  may  be  necessary  in  order  to  become  familiar  with  the 
essential  conditions  of  the  high  temperature  precipitation:  but.  then,  experience  is 
an  essential  condition  of  success  with  any  analytical  method. 

Mr.  Wiley.  I  have  a  letter  from  Mr.  E.  W.  Hilgard,  in  wbidi  lie 
asks  me  to  present  bis  paper  on  the  deliciency  of  nitrogen  in  soils. 
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THE  EEOOGNITION  OP  "NITEOGEN  HUNGEINESS"  IN  SOILS. 

By  E.  W.  HiLGARD. 

The  determination  of  nitrates  and  ammonia  salts  in  soils  ordinarily  conveys  little 
information  concerning  tlieir  resources  in  nitrogen  for  plant  supply.  A  soil  may  at 
certain  seasons  he  found  totally  wanting  in  these  compounds,  and  may  yet  be  able 
to  yield  to  crops  under  proper  conditions  all  the  nitrogen  required.  So  variable  and 
minute  are  the  amounts  usually  present  that  their  determination  is  mostly  of  little 
practical  interest. 

The  permanent  or  '' reserve"  supply  of  soil  nitrogen  is  unquestionably  that  con- 
tained in  the  humus,  in  the  (supposed)  amidic  form,  which  is  gradually  made  avail- 
able by  the  nitrifying  organism,  when  the  favoring  conditions  of  moisture,  warmth, 
and  access  of  oxygen  are  fultilled,  in  connection  with  the  neutral  (or  l)asic)  condi- 
tion of  the  soil,  due  to  the  presence  of  an  excess  of  earthy  carbonates. 

It  is  a  priori  probable  that  the  composition  of  the  complex  and  indefinite  sub- 
stance we  call  humus  must  exert  a  material  influence  on  the  rate  of  nitrification.  It 
is  known  that  when  it  is  in  an  acid  condition,  nitrification  is  almost  null.  It  seems 
at  least  likely  that  the  process  is  also  affected  by  the  richness  of  the  humus  in  nitro- 
gen, which  has  all  along  been  known  to  be  indefinite,  but  has  usually  been  assumed 
to  range  from  about  3  to  5  per  cent. 

I  have  in  former  papers  ^  called  attention  to  the  fact  that  the  only  reasonably  relia- 
ble method  for  the  determination  of  true  humus  in  soils  is  that  of  Grandeau,  viz, 
extraction  of  the  humus  with  weak  alkaline  lye,  after  setting  it  free  from  its  earthy 
combinations  by  treatment  with  weak  HCl.  All  combustion  methods,  whether  in 
the  wet  or  in  the  dry  way,  as  well  as  extraction  with  strong  lye,  yield  utterly  indefi- 
nite results,  on  account  of  the  simultaneous  combustion  or  dissolution  of  unhumi- 
fied  matter,  varying  with  the  seasons  and  the  crop.  It  is  only  with  the  substance 
Cmatiere  noire")  extracted  by  Grandeau's  process  that  definite  and  consistent 
results  can  be  obtained. 

In  the  paper  quoted  above  I  have  given  a  summary  of  the  results  of  investiga- 
tions made  by  .Jaffa  and  myself  on  the  marked  differences  in  the  nitrogen  contents  of 
humus  in  the  arid  and  humid  regions,  showing  that  while  in  the  soils  of  the  latter 
the  average  percentage  is  less  than  5  and  rarely  exceeds  6,  in  arid  soils  the  average 
percentage  is  over  15,  and  in  some  cases  approaches  19,  being  several  per  cent 
higher  than  in  the  albuminoids. 

It  can  hardly  be  doubtful  that  such  differences  in  nitrogen  content  must  mate- 
rially influence  nitrification.  The  nitrifying  organism  requires  oxygen  to  accom- 
plish its  life  i)rocess.  The  supply  of  that  element  in  the  soil  is  limited,  and  if  in  one 
case  nineteen  out  of  twenty,  in  the  other  case  only  four  out  of  five,  parts  of  carbo- 
hydrate substance  has  to  be  oxidized  away  to  get  at  one  part  of  nitrogen,  it  can 
hardly  be  doubtful  which  will  lend  itself  most  readily  to  the  nitrifying  process.  As 
a  matter  of  fact,  the  constant  occurrence  of  nitrates  in  the  soils  of  the  arid  region, 
poor  as  they  usually  are  in  humus,  establishes  this  a  priori  presumption. 

In  view  of  these  facts,  it  seems  highly  probable  that  there  is  a  certain  minimum  of 
nitrogen  percentage  in  humus  beloiv  which  the  nitrifying  organism  will  he  incapable  of  suffi- 
ciently intense  action  to  supply  the  current  demands  of  crops.  If  this  is  true,  then  we 
have  in  the  determination  of  the  nitrogen  percentage  of  humus  the  means  of  deter- 
mining whether  or  not  a  soil  is  in  need  of  a  supply  of  available  nitrogen  for  crop 
production — whether  or  not  it  is  '-nitrogen  hungry." 

I  have  during  the  past  year  pursued  the  investigation  of  this  subject  with  the  aid 
of  Mr.  Jaffa,  and  find,  so  far  as  we  have  gone,  the  above  presumption  is  fully  verified. 

iQn  the  Nitrogen  Contents  of  Soil  Humus  (Agr.  Sci.,  April,  1894;  Wollny's  Forsch, 
Agr.Phys.Bd.  19S.,478;  Ann.  Sci.Agr.,1892,p.297). 
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A  topical  review  of  some  of  onr  results  was  communicated  at  the  Denver  meeting  of 
tke  Association  of  American  Agricultural  Colleges  and  Experiment  Stations,  and 
will  be  published  in  detail  elsewhere.  For  my  present  purpose  it  is  sufficient  to  give 
some  summary  statements,  in  order  that  the  subject  may  be  taken  in  hand  by  mem- 
bers of  this  body  whose  opportunities  for  the  investigation  of  exhausted  soils  are 
better  than  those  existing  in  California.  In  fact,  our  most  decisive  observations 
have  been  made  on  soils  from  the  Hawaiian  Islands,  for  lack  of  home  material.  Some 
illustrations  may  be  of  interest. 

In  one  of  the  soils  of  the  home  station,  which  in  the  virgin  condition  shows  humus 
containing  over  18  per  cent  of  nitrogen,  we  find,  after  twelve  years  of  exhaustive  cul- 
tivation in  grass,  with  a  very  slightly  increased  humus  percentage  (1.6  against  1.4 
at  first),  only  3  per  cent  of  nitrogen  in  that  humus,  being  a  decrease  in  the  total 
nitrogen  of  the  soil  of  15  per  cent.  The  grass  was  taken  up  because  of  its  failure  to 
make  a  satisfactorv  growth.     In  this  case,  it  is  true,  a  determination  of  the  total 
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FKt.  1.— rte.sult  of  adding  a  nitrogenous  fertilizer  to  a  ritrosreii-hrmgry  soil. 


nitrogen  of  the  soil  would  at  once  indicate  a  ])robable  deficiency.  In  another  i>lot 
of  the  same  soil.  Avhicli  had  been  set  in  ramie  for  about  ten  years,  the  nitrogen 
percentage  Avas  found  to  be  reduced  to  5  per  cent. 

But  perhai)s  the  most  striking  case  is  that  of  a  soil  from  Hawaii,  which  showed  10 
per  cent  of  humus  by  Grandeau's  method.  It  was  almost  virgin  land,  just  cleared 
of  guava  brush,  but  had  borne  one  good  crop  of  sugar  cane  and  one  fair  oneof  ratoons. 
The  third  year,  the  cane  freshly  planted  refused  to  grow  after  having  exhausted  the 
seed  cane;  and  from  the  symptoms  rei)orted  1  was  inclined  to  diagnose  deficiency  of 
nitrogen,  before  the  humus  determination  was  made.  On  determining  the  nitrogen 
in  the  humus  it  was  found  to  be  only  1.7  i>er  cent,  the  lowest  that  has  come  under 
my  observation  thus  far. 
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Having  previously  come  to  tlie  conclusion  that  any  soil  containing  humus  with 
much  less  than  2.5  per  cent  of  nitrogen  was  to  he  suspected  of  ''nitrogen  hungriness," 
and  notwithstanding  that  the  total  nitrogen  percentage  in  this  soil  (0.17  per  cent) 
might  he  considered  a  high  one,  I  recommended  the  use  of  nitrogenous  fertilizers; 
and  also  made  a  pot-culture  experiment  with  the  same  soil,  using  about  a  kilogram 
in  each  pot,  and  fertilizing  one  with  half  a  gram  of  Chile  saltpeter. 

The  subjoined  illustration  (fig.  1)  shows  the  result  of  this  experiment  at  a  time 
when  an  overwhelming  attack  of  mildew  (of  a  species  not  heretofore  observed  here) 
put  an  end  to  it.  There  can  be  no  question  of  the  result,  as  showing  deficiency 
of  available  nitrogen.  According  to  late  information  from  Hawaii,  corresponding 
results  have  been  obtained  in  the  field  with  cane  manured  with  Chile  saltpeter, 
notwithstanding  the  fact  that  an  unusually  wet  season  was  most  unfavorable  to 
the  efficacy  of  that  salt. 

I  therefore  suggest  that  this  association  place  on  its  programme  for  the  coming 
year  an  investigation  of  this  interesting  question,  Avhich,  in  connection  with  the 
method  of  Dyer  for  the  determination  of  available  phosphoric  acid  and  potash, 
promises  to  put  us  in  possession  of  the  long-sought  means  for  estimating  the  imme- 
diate productive  jiower  of  soils,  as  contradistinguished  from  the  determination  of 
the  reserve  of  plant  food,  and  therefore  of  their  probable  durability  by  extraction 
with  strong  acids. 

The  President.  I  think  we  would  be  interested  to  hear  from 
Mr.  Whitney,  of  the  Division  of  Soils,  Agricultural  Department,  who 
is  present,  if  he  will  so  favor  us. 

REMARKS    OF   :MR.    WHITNEY. 

Mr.  Whitney.  Mr.  Chairman  and  gentlemen,  I  shall  be  glad  to  say  a  few  words  in 
regard  to  the  methods  of  the  physical  analysis  of  soils  and  the  physical  determina- 
tions that  should  be  made  in  connection  with  chemical  work.  1  do  not  want  to 
bring  up  the  relative  importance  of  the  physical  and  chemical  work  here,  but  I  do 
want  to  insist  upon  the  importance  of  jihysical  work  accompanying  at  all  times  the 
chemical  determinations. 

It  seems  to  me  that  many  of  the  details  of  the  physical  examination  of  soils  in 
common  use  in  this  country  and  some  of  those  adopted  by  this  association  have  no 
practical  value,  and  are  therefore  useless,  as  we  are  not  able  to  interpret  the  results. 
The  determination  of  the  hygroscopic  moisture,  the  water-holding  power,  the  capil- 
lary power,  the  specific  gravity,  and  the  specific  heat,  as  ordinarily  determined  and 
applied,  have  no  practical  value,  for  we  are  unable  to  understand  or  interpret  the 
results.  They  certainly  seem  to  have  no  direct  bearing  at  present  upon  practical 
agriculture. 

I  think  that  if  the  association  would  consider  first  the  physical  conditions  which 
are  known  to  affect  plant  growth,  and  would  adopt  suitable  methods  for  their  deter- 
mination so  that  the  results  of  difterent  observers  and  in  different  soils  would  at 
least  be  comparable,  it  would  be  very  much  better,  and  then  these  other  physical 
properties  of  soils  could  be  taken  up  as  their  value  was  seen  and  as  it  was  necessary 
for  the  explanation  of  various  phenomena. 

The  most  important  conditions  that  occur  to  me  as  existing  in  the  soil  and  having 
a  very  marked  infiuence  upon  the  determination  of  crops  are  the  conditions  of 
moisture,  the  circulation  of  air,  and  the  temperature  of  the  soil  in  which  the  crops 
are  grown.  The  relation  of  soil  to  moisture  is  in  my  judgment  by  far  the  most  im- 
portant of  these,  although  it  is  complementary  to  the  relation  of  the  soils  to  air, 
and  the  determination  of  one  carries  with  it  almost  the  determination  of  the  other. 

The  relation  of  soils  to  water  depends  as  I  have  shown  elsewhere  upon  five  factors: 
The  volume  of  space;  the  texture  or  the  relative  amount  of  sand,  silt,  and  clay; 
the  structure  or  the  relative  arrangement  of  the  soil  grains;  the  amount  and  char- 
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acter  of  the  organic  matter,  aud  the  depth  of  the  soil.  I  think  the  assoeiatiou  ^vill 
do  well  to  limit  its  methods  for  the  i)resent  to  the  determination  of  the  texture  aud 
structure  of  soils  and  to  actual  moisture  determinations  in  the  field. 

The  texture  of  the  soil  should  he  determined  by  a  mechanical  analysis.  There  are 
two  methods  for  this  in  use  in  this  country — Hilgard's  eliitriator  method  and 
Osborne's  beaker  method.  Personally  I  prefer  the  latter  on  account  of  its  sim- 
plicity, the  small  cost  of  the  outtit,  and  the  control  one  has  of  the  operation.  I 
believe,  however,  that  the  two  methods  gi\  e  results  which  agree  within  the  limits 
of  error  of  either  one,  and  that  they  should  both  be  adopted  by  the  association,  but 
that  a  statement  should  always  be  made  as  to  which  method  was  used  in  an  analysis. 

The  structure  of  the  soil,  or  the  relative  arrangement  of  the  soil  grains,  should  be 
determined  by  the  rate  of  flow  of  some  fluid  (probably  cither  water  or  air)  through 
a  given  volume  of  soil.  This  necessitates  the  determination  of  the  volume  of  sj^ace 
which  can  be  found  either  by  direct  determination  or,  preferably,  by  the  diflerence 
between  the  real  and  apparent  specific  gravity  of  the  soil.  Xo  satisfactory  method 
has  yet  been  devised  for  determining  the  structure  of  soils,  principally  on  account 
of  the  difficulty  of  taking  samples  from  the  held  that  will  give  accordant  results, 
and  the  difficulty  of  manipulating  the  air-dry  samples  so  as  to  secure  uniform  con- 
ditions throughout  the  mass  which  will  give  accordant  results  in  a  series  of 
determinations. 

A  method  should  certainly  be  adopted  by  this  association  for  the  determination  of 
the  amount  of  moisture  in  the  field,  and  daily  records  over  at  least  a  part  of  the 
^growing  season  should  be  insisted  upon  as  a  very  essential  fiictor  in  the  study  of  the 
physical  conditions  and  properties  of  a  soil.  The  ouly  method  I  know  of  at  present 
adapted  to  this  purpose  is  to  take  a  samjde  of  soil  in  a  tube  of  suitable  size  and 
uniform  depth,  preserve  it  carefully  from  loss  through  evaporation,  and  make  an 
ordinary  moisture  determination  in  the  sample  l)y  drying  at  a  suitable  temperature 
to  constant  weight.  I  use  a  sample  of  about  100  grams,  and  dry  in  an  aluminium 
dish  for  twenty-four  hours  at  a  temperature  of  110-.  The  time  differs  somewhat, 
of  course,  according  to  the  texture  of  the  soils.  This  method  is  bulky  and  trouble- 
some, and  is  not  very  accurate  on  account  of  the  difficulty  of  taking  samples  from 
the  field  which  will  give  accordant  results.  The  method  is  far  better  than  none, 
however,  and  the  results  when  averaged  are  comparable  for  diff"erent  localities. 
These  moisture  records  form  a  most  important  feature  of  the  physical  analysis  of 
soils,  as  it  shows  the  actual  amount  of  moisture  at  the  disposal  of  the  crops,  yet  it 
is  rarely  included  in  our  soil  investigations.  It  will  be  found  that  the  different  soils 
in  which  you  are  interested  are  likely  to  maintain  very  different  quantities  of  water 
at  the  disposal  of  crops,  owing  either  to  the  difference  in  texture  or  a  difference  in 
structure  or  to  some  other  condition,  and  that  in  man^'  cases  it  is  this  relation  of 
the  soil  to  water  aud  the  amount  which  it  maintains  which  determines  the  peculiar 
agricultural  value  of  the  land. 

The  relative  temperature  of  different  soils  should  be  determined  with  registering 
maximum  and  minimum  soil  thermometers. 

The  Division  of  Agricultural  Soils  has  nearly  perfected  an  entirely  new  method  of 
determining  the  amount  of  moisture  in  the  soil  of  a  field  and  a  new  method  of  deter- 
mining the  temperature  of  soils,  and  we  hope  before  long  to  publish  these  methods 
for  the  information  of  all  interested  in  the  material  advancement  of  agricultural 
methods. 


SECOMD   DAY. 

FRIDAY— MORNING  SESSION. 

The  president  called  the  meeting  to  order  at  9  a.  m.,  and  asked  for 
the  report  on  phosphoric  acid,  which  was  presented  by  Mr.  Kilgore. 

EEPOET  ON  PHOSPHOEIO  ACID. 
By  B.  ^y.  Kilgore. 

About  the  25tli  of  November,  1894,  a  letter  Avas  addressed  to  various  official,  com- 
mercial, and  other  chemists,  soliciting  their  cooperation  in  the  phosphoric  acid  work 
for  the  Association  of  Official  Agricultural  Chemists  for  1895,  and  asking  for  the  sug- 
gestion of  points  deemed  worthy  of  investigation,  and  their  methods  of  carrying  out 
such  investigations.  After  considering  these  replies,  the  literature  on  recent  phos- 
phoric acid  work,  and  the  suggestions  made  to  the  reporter  at  the  last  meeting  of  the 
association,  a  set  of  three  samjiles  wns  prepai  ed  and  sent  to  all  chemists  requesting 
them  (forty-five),  vrith  the  following  instructions: 

INVESTIGATIOX   OF    METHODS    FOR  DETERMINING    PHOSPHORIC   ACID   FOR   THE  ASSO- 
CIATION  OF    OFFICIAL  AGRICULTURAL   CHEMISTS   FOR   1895. 

Three  samples  have  been  prepared  for  use  in  this  investigation. 

No.  1  is  a  phosphate  solution,  slightly  acid  with  nitric  acid,  and  containing  in 
50  cc  the  equivalent  of  about  20  per  cent  P2O5  on  basis  of  0.5  gram  substance. 

No.  2  is  a  dilute  phosphate  solution,  slightly  acid  with  nitric  acid,  and  containing 
in  50  cc  the  equivalent  of  3  to  3.5  ])er  cent  PiOs  on  basis  of  0.5  gram  substance. 
These  solutions  were  made  up  at  54"^  F. 

No  3  is  a  mixed  fertilizer. 

In  bottle  No.  4  is  standard  potassium  hydroxid,  free  from  carbonates,  1  cc  of 
which  equals,  according  to  my  analysis,  1  milligram  Pi;On  (1  per  cent  P^O^  on  basis 
of  0.1  gram  substance).  One  hundred  cc  of  this  solution  will  neutralize  32.37  cc  of 
normal  acid,  and  can  be  made  by  diluting  323.7  cc  of  normal  potassium  hydroxid, 
which  has  been  freed  from  carbonates  by  barium  hydroxid,  to  1,000  cc.  The  acid  of 
corresponding  strength  to  be  iised  in  titrating  against  this  can  t»e  made  in  a  similar 
v\ay  from  normal  acid.  Hydrochloric  or  sulphuric  acids  will  answer  for  this  pur- 
pose, but  nitric  acid  is  to  be  preferred. 

The  following  plan  is  outlined  for  the  investigations : 

1.  The  determination  of  phosplwric  acid  gravimetricaUy. — Determine  total  phosphoric 
acid  in  all  three  samples  and  insoluble  in  No.  3  (and  also  citrate  soluble  in  No.  3, 
where  this  line  of  the  investigation  is  taken  up)  (a)  according  to  the  official 
methods  (Bull.  43,  Div.  Chem.,  U.  S.  Dept.  Agr.,  p.  341),  and  (&)  according  to  the 
official  methods  to  the  point  of  dissolving  the  ''yellow  precipitate,"  which  dis- 
solve in  2.5  per  cent  NH-;  do  not  use  any  water,  and  only  enough  ammonia  wash  to 
insure  complete  removal  of  phosphomolybdate  of  ammonia  from  the  filter.  Pre- 
cipitate at  once,  without  neutralizing,  (c)  by  adding  20  cc  of  magnesia  mixture 
No.  1  to  sample  No.  1,  15  cc  to  total  of  No.  3,  and  10  cc  to  total  of  No.  2,  and  insol- 
uble and  reverted  of  No.  3;  and  {d)  precipitate  a  second  series  of  solutions  with 
like  amounts  of  magnesia  mixture  No.  2.  Magnesia  mixtures  Nos.  1  and  2  should  be 
added  at  once  and  as  quickly  as  possible  with  stirring.  After  fifteen  minutes  add 
25  cc  0.90  sp.  gr.  ammonia  and  (e)  let-it  stand  three  hours;  (/)  make  a  second  set 
of  determinations  in  the  same  way  and  let  stand  five  hours,  or  over  night  if  more 
convenient.  In  the  determinations  under  (a),  where  the  official  magnesia  mixture  is 
used,  allow  the  "white  precipitates''  to  stand  the  same  length  of  time  as  under  (c) 
and  (/),  where  the  new  magnesia  mixtures  are  used.  Report  number  of  cubic  ceuti- 
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meters  of  official  mafjne.sia  mixture  usediu  each  case.     Filter,  wash  the  -'white  j)re- 
cijyitates'"  until  practically  free  of   chlorids:  dry,  and  burn  to  whiteness,  or  to  a 
grayish  white,  and  note  whether  there  is  any  dilierence  in  burning  to  whiteness 
and  as  you  usually  burn. 
The  magnesia  mixtures  are  made  as  follows: 

No.  1.  Magnesium  chlorid • grams..  110 

Citric  acid do ... .  200 

Ammonia,  sp.  gr.  0.96 cubic  centimeters . .  1.  000 

AVater  to  make  up  to do 2.  000 

No.  2.  Magnesium  chlorid grams . .  110 

Citric  acid -do 100 

Ammonia,  sp.  gr.  0.96 cubic  centimeters..  750 

Water  to  make  up  to do 2,  000 

Dissolve  the  citric  acid  in  the  ammonia,  and  the  magnesium  clilorid  in  a  small 
amount  of  water:  mix.  and  make  up  with  water  to  the  rcciuired  volume. 

2.  Fohtmeirie  determination  of  phos^jhoric-  acid. — Make  solution  of  Xo.  3  by  the  nitric 
and  hydrochloric  acids  method  (4)  for  total  and  dilute  to  200  c.  c.  Measure  out  20 
cc  for  totals  in  Nos.  1  and  3,  and  40  cc  for  total  in  Xo.  2  and  insoluble  in  Xo.  3;  add 
about  5  cc  strong  nitric  acid  to  total  and  insoluble  solutions  of  Xo.  3.  and  7  to  10 
cc  to  solutions  Xos.  1  and  2:  add  ammonia  until  precipitate  just  begins  to  form; 
dilute  total  solutions  of  Xos.  1  and  3  to  about  100  cc,  and  total  and  insoluble  solu- 
tions of  Xos.  2  and  3.  respectively,  to  60  or  75  cc :  digest  in  water  bath  at  60-  C.  (60° 
in  bath  equals  about  55^  in  beaker),  and  after  tiltering  the  molybdate  solution  indi- 
cated beh)w  add  30  cc  to  totals  of  Xos.  1  and  3,  and  10  cc  to  total  of  Xo.  2  and 
insoluble  of  Xo.  3:  allow  to  stand  four  to  live  minutes  from  the  time  the  molybdate 
is  added,  and  tilter  as  quickly  as  possible  upon  a  3-inch  Hirsch  funnel,  whose  per- 
forations are  covered  with  a  disk  of  soft  tilter  paper,  or  upon  a  tilter  made  by  putting 
a  platinum  cone  or  disk,  well  tilled  with  holes,  into  a  3-inch  funnel,  and  covering 
with  coarse  asbestus,  using  filter  pump  in  both  cases.  Filter  papier  may  be  used, 
bnt  the  other  filters  in  the  order  named  are  much  preferred.  It  is  specially  urged 
that  tlie  3-inch  Hirsch  funnel  be  gotten,  where  it  is  jiossible,  as  it  permits  of  rapid 
filtration  and  easy  and  thorough  washing.  By  using  ttiis  funnel  a  half  dozen  filtra- 
tions  can  be  easily  completed  in  from  six  to  eight  minutes  from  the  time  the  molyb- 
date solution  is  added.  Wash  the  precipitate  twice  by  decantation  with  dilute 
nitric  acid,  using  50  to  75  cc  each  time,  and  agitating  thoroughly,  once  by  decanta- 
tion with  the  same  amount  of  3  per  cent  j)otassium  nitrate,  then  onto  the  filter  and 
with  300  to  500  cc  (about  400  cc)  water,  or  until  no  longer  acid.  Wash  the  precipi- 
tate with  filter  back  into  the  beaker,  titrate  with  potassium  hydroxid.  and  back  with 
nitric  acid,  using  about  1  cc  of  phenolphthalein  (1  gram  in  100  cc  alcohol)  as  indi- 
cator, and  adding  acid  until  color  disappears. 

The  above  instructions  apply  especially  to  the  samples  sent  out.  It  is  requested 
that  you  also  test  this  method,  where  possible,  on  samples  you  have  already  or  are 
analyzing  in  your  laboratory  by  the  gravimetric  method.  For  regular  fertilizer 
work  follow  instructions  for  total  and  insoluble  in  Xo.  3.  Dissolve  in  nitric  and 
hydrochloric  acids,  make  up  to  200  cc,  measure  out  20  cc  for  total  and  40  cc  for 
insoluljle  (or  jiercentages  below  5  or  6)  corresponding  to  0.2  and  0.4  gram  substance, 
respectively:  add  about  5  cc  strong  nitric  acid  and  then  anmionia  until  precipitate 
just  begins  to  form;  dilute  totals  to  a1>out  100  cc  and  insolubles  to  60  to  75  cc,  and 
l)recipitate  and  carry  out  as  above  indicated,  not  using  any  greater  excess  of  molyb- 
date than  is  necessary  to  insure  complete  j^recipitatiou. 

On  washing  by  decantation,  if  the  precipitate  is  allowed  to  completely  settle  each 
time,  no  trouble  will  be  experienced  in  the  after  washing. 

The  solutions  to  be  used  in  the  above  work  are : 

MoJijhdic  solution. — To  100  cc  of  the  regular  official  molybdate  add  5  cc  1.42  sp.  gr. 
nitric  acid.     This  solution  should  l)e  filtered  each  time  before  using. 

Dilute  nitric  acid  icas/i.— Dilute  100  cc  1.42  sp.  gr.  nitric  acid  to  1,000  cc. 

In  this  connection  it  will  be  interesting  to  consult  the  ''Report  on  phosphoric 
acid"'  to  the  A.  O.  A.  C.  for  1894  (Bui.  43,  Chem.  Div.  U.  S.  Dept.  Agr..  p.  68),  and 
Jour.  Am.  Chem.  Soc.  15.  7,  p.  382.  and  16, 11.  p.  765.  1894. 

3.  The  method  proposed  by  Professor  Koss  (La.  Expt.  St.  Bui.  Xo.  22,  pp.  745-746; 
Bills.  38  and  43  U.  S.  Dept.  Agr.,  pp.  16-68)  for  the  ''direct  determination  of  citrate- 
soluble  phosphoric  acid'"  in  the  ammonium  citrate  filtrate.  The  method  is  as  fol- 
lows: ''After  completion  of  the  thirty  minutes"  digestion  of  the  sample  with  citrate 
solution,  filter  out  at  once  into  a  dry  vessel  25  cc  of  the  scdution:  if  the  lii^uid  is 
filtered  directly  into  a  dry  burette  (or  measuring  fiask)  25  cc  can  be  readily  trans- 
ferred to  another  vessel  without  dilution.  After  cooling,  run  25  cc  of  the  solution 
into  a  digestion  fiask  of  250-300  cc  capacity,  add  about  15  cc  of  concentrated  sul- 
phuric acid,  and  place  the  fiask  on  a  piece  of  gauze  over  a  moderately  brisk  fiame; 
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in  about  eiglit  minutes  the  contents  of  tne  flask  commence  to  darlcen,  and  foaming 
begins,  but  will  occasion  no  trouble  if  an  extremely  high  or  a  very  low  flame  are 
avoided.  In  about  eleven  to  twelve  minutes  the  foaming  ceases,  and  the  liquid  in 
the  flask  appears  (|uite  black;  about  1  graui  of  mercuric  oxid  or  metallic  mercury  is 
now  added,  and  the  digestion  continued  over  a  brifek  flame  until  the  liquid  is  color- 
less. After  cooling,  the  contents  are  washed  into  a  beaker,  and  the  determination 
continued  as  under  total  PvOs. 

In  working  this  method,  add  the  full  amount  of  ammonium  nitrate  (15  grams) 
before  precipitatiug  with  molybdate,  and  allow  molybdate  preciiiitate  to  stand  one 
hour  at  65°. 

To  test  this  method  you  are  requested  to  determine  citrate  soluble  in  No.  3  (a)  as 
above  described,  and  (h)  by  evaporating  the  same  amount  of  the  ammonium  citrate 
filtrate  used  in  (a)  to  dryness  and  gently  igniting  in  presence  of  magnesium  nitrate; 
also  by  adding  10  cc  solution  No.  1  to  25  cc  ammonium  citrate  solution  and  (1)  treat 
treating  as  in  (a)  above,  and  (2)  treating  as  in  (b). 

Please  determine  soluble  and  insoluble  in  No.  3,  and  report  citrate  soluble  by 
difference. 

See  in  connection  with  this  method  the  ''Report  on  phosphoric  acid"  (Bui.  43, 
Div.  Chem.,  U.  S.  Dejit.  Agr.,  p.  71).  The  results  here  presented  are  not  at  all  satis- 
factory, and  it  is  feared  that  they  will  be  of  the  same  kind  this  year,  as  no  improve- 
ment is  offered  in  the  method.  It  is  therefore  requested  that  any  one  who  can  devise 
a  new  method,  or  offer  a  modification  to  the  loresent  one  that  will  accomplish  the 
object  intended  will  do  so,  and  spend  his  time  in  investigating  this  instead  of  the 
method  sent  out. 

Please  report  results  by  the  gravimetric  method  for  total  on  solutions  1  and  2 
in  terms  of  weight  of  magnesium  pyrophosphate  in  50  cc  or  50  grams,  and  for  the 
citrate  soluble  investigation  on  No.  1  report  the  magnesium  pyrophosphate  in  10  cc 
or  10  grams.  State  whether  the  "white  precipitates"  were  washed  free  of  chlorids, 
and  the  amount  of  wash  solution  required  with  the  difterent  magnesia  mixtures. 

In  your  work  on  the  volumetric  method,  please  report  amount  of  substance  used 
for  analysis,  kind  of  filter  used,  amount  of  washings,  and  any  other  points  of  interest 
coming  under  your  observation.  Report  all  results  in  terms  of  my  alkali  and  the 
strength  of  your  alkali  in  terms  of  number  of  cc  corresponding  to  100  cc  of  mine. 
Give  results  by  volumetric  method  on  solutions  1  and  2  in  terms  of  cc  of  alkali 
required  to  neutralize  the  ammonium  phosphomolybdate  from  20  cc  or  20  grams  of 
No.  1,  and  40  cc  or  grams  of  No.  2. 

Should  you  not  have  time  to  investigate  all  the  points  outlined,  take  up  those  of 
most  interest  to  you.  The  reporter  will  be  pleased  to  receive  other  data  than  that 
asked  for,  and  will  give  full  credit  in  report  for  all  such. 

A  thorough  study  of  one  or  more  of  the  subjects  is  much  to  be  preferred  to  a  small 
amount  of  work  on  all,  and  as  two  or  three  samples  are  not  sufficient  to  test  a  method, 
you  are  requested  to  use  as  many  samples  of  different  kinds  as  x>ossible.  It  is  also 
requested  that  determinations  be  made  in  duplicate  at  least,  and  that  any  deviation 
from  the  methods  outlined  be  reported. 

TO   WHOM   SAMPLES    WERE    SENT. 

The  phosphoric  acid  samples  were  sent  to  23  chemists  connected  with  agricultural 
experiment  stations,  agricultural  colleges,  and  universities,  1  to  the  Department  of 
Agriculture  at  Washington,  1  to  the  United  States  Geological  Survey,  10  to  European 
chemists,  1  to  Canada,  and  9  to  commercial  chemists,  making  45  in  all.  Reports 
have  been  received  from  the  Department  of  Agriculture,  2  from  foreign  chemists, 
and  11  from  experiment  stations  and  colleges,  including  the  work  of  22  chemists. 

The  data  obtained  will  be  considered  under  four  heads. 

I.  Gravimetric  Determination  of  Phosphoric  Acid — Comparison  of  Magne- 
sia Mixtures — Object. 

The  work  of  this  association  last  year  showed  that  our  official  molybdate  magnesia 
method  gives  high  results.'  This  same  observation  has  been  made  by  quite  a  num- 
ber of  other  analysts.  Dr.  S.  W.  Johnson,  in  a  summary  statement  of  results'^  by 
different  methods,  has  shown  that  the  official  method  gave  high  results  on  a  phos- 

i  For  summary  of  this  work  see  .Jour.  Am.  Chem.  Soc,  XVI,  p.  793,  and  Bui.  43,  Div. 
Chem.,  U.  S.  Dept.  Agr.,  p.  80. 
-Jour.  Am.  Chem.  Soc,  XXI,  462. 
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phate  of  known  content  of  phosphoric  acid,  and  likely  gave  high  results  on  a  great 
many  others  whose  content  was  not  definitely  known.  If  iron,  alumina,  or  manga- 
nese be  present,  and  the  temperature  of  precipitation  he  as  high  as  65"^  C,  the 
results,  he  states,  are  too  high.  In  the  same  communication  he  states  that  the  citrate 
method  gives  good  results  as  compared  with  the  molybdate  method  ''by  compensa- 
tion of  its  errors;"  some  of  the  phosphoric  acid  remains  unprecipitated,  while  the 
I^recipitate  may  be  contaminated  with  carbon,  silica,  calcium,  iron,  and  aluminum. 
This  work  was  upon  ordinary  X)hosphates  and  fertilizers,  containing  various  impuri- 
ties. On  the  other  hand,  N.  von  Lorenz,  '■  working  ujion  a  chemically  pure  mono- 
ammonium  phosphate,  obtained  theoretical  results  by  adding  2  per  cent  of  citric 
acid  to  the  amraoniacal  solution  of  the  ammonium  phosphomolybdate  before  adding 
magnesia  mixture. 

With  the  official  method  giving  too  high  results  and  the  citrate  method  seemingly 
not  possessing  any  advantages  over  the  official,  as  regards  accuracy  at  least,  it 
occurred  to  the  reporter  that  von  Lorenz's  procedure  of  adding  citric  acid  to  the  alka- 
line solution  of  the  phosphomolybdate,  either  alone  or  in  the  magnesia  mixture, 
might  add  to  the  accuracy  of  the  official  method.  With  this  end  in  view  magnesia 
mixtures  were  made,  in  which  25  to  100  grams  to  the  liter  of  citric  acid  replaced 
wholly  or  in  part  the  ammonium  chlorid  of  the  official  magnesia  mixture.  In  all, 
six  of  these  mixtures  were  tried  in  the  laboratory  of  the  North  Carolina  Experiment 
Station  before  making  up  the  instructions  to  be  sent  out,  using  a  c.  p.  di-sodium 
hydrogen  phosj^hate  containing  19.826  per  cent  P2O5  for  the  investigation.  Mixtures 
1  and  2,  whose  formulas  are  given  in  the  instructions,  gave  the  most  satisfactory 
results.     These  results  are  presented  in  the  following  table: 


Cc  0.96 

Cc  0.90 

„., -NTTT 

"Yellow 
precipitate" 
dissolved  in 

per  cent 
NH3. 

Analysts. 

Magnesia  mix- 
tures. 

added  after  added  after 
precipitat-    precipitat- 
ing.       1        ing. 

Kilgore. 

Carpenter. 

Allen. 

Williams. 

2.5 
2.5 
2.5 
2.5 

Per  cent. 

.-           19. 82 
(           19. 83 

19.77 

c           19. 93 
I           19.96 

19.89 

Per  cent. 

Per  cent. 
19.89 
19.75 

r        19.93  1 
19.77 

[        I9.777J 

Per  cent. 

30 

25 

No.l 

19.63 

19.78 

30 

19.68 

25 

N0.2 J 

19.93 

r      19. 75 

I         19. 92 

1        19. 77 

19.91 
19  80 

19.98 

From  this  table  it  will  be  seen  that  the  results  with  magnesia  mixtures  Nos.  1  and 
2  generally  agree  fairly  well  with  the  theoretical  percentage  of  this  salt.  They  are 
nearer  the  theory  than  the  results  obtained  at  the  same  time  with  the  official  mag- 
nesia mixture.  On  the  basis  of  these  results  mixtures  1  and  2  were  thought  to  indi- 
cate well,  and  were  sent  out  on  this  ground. 


RESULTS   FOR   COMrxVRISOX   OF   MAGNESIA   MIXTURES. 

The  results  of  the  different  analysts  for  the  comparison  of  magnesia  mixtures  1 
and  2  with  the  official  magnesia  nuxture  on  the  samples  sent  out  by  the  reporter 
are  brought  together  in  Table  I.  These  results  are  the  averages  of  from  two  to  six 
determinations  by  each  analyst.  The  averages  of  all  results  and  variations  from 
them  were  made  up  from  the  several  results  of  all  analysts. 


Zeitschrift  f.  anal.  Chemie,  XXXII,  (U. 


7388— No.  47- 


66 


Table  I. — Comparison  of  magnesia  mixtures. 


Analyst. 


Reporter's  sample  Xo.  1. 

r.  B.  Bombergcr,  Maryland  Agricultural  College. .. 

Maui-ice  Bird,  Louisiana  Experiment  Station 

C.  L.  Sargent,  Eliode  Island  Experiment  Station. . . 

"W.  M.  Cobleigh,  Montana  Experiment  Station 

r.  W.  Traphagen,  Montana  Experiment  Station 

John  P.  Street,  Xew  Jersey  Experiment  Station 

"W.  A.  Power,  Illinois  Experiment  Station 

K.  G.lSTewborne,  Xortli  Carolina  Agricultural  Col- 
lege  

E.  G.  Eunyan,  Vnited  States  Department  of  Agri- 
culture   

"W.  M.  Allen,  IS'ortli  Carolina  Experiment  Station. . . 

C.  B.TTilliams,  North  Carolina  Experiment  Station . 

E.  B.  Carpenter,  Iforth  Carolina  Experiment  Sta- 


Official 
magnesia 


Total 
P2OS. 


Per  cent. 
20.01 
20.42 
20.13 
20.23 
20.31 
20.04 
19.89 


Ma  gnesia  mixture 
]S'0.1. 


Total 
P2OS. 


Per  cent. 
19.82 
20.00 
18.98 
20.10 


19.98 
19.81 


Differ- 
ence, 

greater 

(+)and 

less  (— ), 

than 

official. 


Per  cent. 
—0.20 

—  .42 
—1.15 

—  .13 


Magnesia  mixture 
2fo.2. 


Total 
P2O5. 


Per  cent. 
19.92 
20.12 
19.44 
20.60 


Differ- 
ence, 

greater 

(  +  )  and 

less  (— ), 

than 

official. 


Per  cent. 
—0.09 
—  .30 


19.  78  19.  94 


19.94 
19.91 


tion. 


B.  "W.  Kilgore,  North  Carolina  Experiment  Station 
H.  E.  Curtis,  Kentucky  Experiment  Station 


19.58 
19.69 


.06 

19.98 

—  .06 

.08 

19.88 

—  .01 

55 

.16 

19.94 

+  .16 

.36 

19.57 

—  .37 

.22 

19.90 

—  .01 

Average    

Theory 

Variations  between  highest  and  lowest  results. 

Variations  of  highest  results  above  theory 

Variations  of  lowest  results  below  theory 


Reporter's  sample  No.  2. 

E.  B.  Bomberger,  Maryland  Agricultural  College. 

Maurice  Bird,  Louisiana  Experiment  Station 

Duncan  Adriance,  Texas  Agricultural  College 

C.  L.  Sargent,  Khode  Island  Experiment  Station. . . 

W.  M.  Cobleigh,  Montana  Experiment  Station 

E.  W.  Traphagen,  Montana  ExjDeriment  Station 

John  P.  Street,  New  Jersey  Experiment  Station. . . 

TT.  A.  Power,  Illinois  Experiment  Station 

E.  G.  Newborne,  North  Carolina  Agricultural  Col- 
lege   

E.  G.  Eunyan,  United  States  Department  of  Agri- 
culture  

TT.  M.  Allen,  North  Carolina  Experiment  Station  . . 

B.  W.  Kilgore,  North  Carolina  Experiment  Station. 

H.  E.  Curtis,  Kentucky  Experiment  Station 


Average 

Theory 

Variations  of  lowest  results  below  the  theory... 
Variations  of  highest  results  above  the  theory. 


'  Eesults  received  too  late  to  be  included  in  averages. 
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Table  I. — Comparison  of  magnesia  mixtures — Continued. 


Official 
magnesia 
mixture. 


Analyst. 


'  Reporter's  samjyle  Xo.  3. 

F.  B.  Bomberger,  Maryland  Agricultural  CoDege. . 

C.  L.  Sargent.  Ehode  Island  Exi>erimeut  Station. . . 

"W.  M.  Cobleigh,  Montana  Experiment  Station 

F.  W.  Traphagen.  Montana  Experiment  Station . . . 

John  P.  Street,  Xew  Jersey  Experiment  Station. . . 

"W.  A.  Power.  Illinois  Experiment  Station 

K.  G.  Xewbome  !Nortli  Carolina  Agricultural  Col- 
lege   '. 

Eskidge  and  EUitt,  Virginia  Agricultural  College. 

E.  G.  Puuyan,  United  States  Department  of  Agri 
culture 

"W".  M.  Allen,  Xorth  Carolina  Experiment  Station. . 

H.  E.  Curtis,  Kentucky  Experiment  Station 

Average 

Greatest  variation  from  mean 

Variation  between  highest  and  lowest  results 


Total 
P2O5. 


Per  cent. 
12. 55 
12.  51 
12.98 
13.12 
12.74 
12.31 

12.22 
12.48 

12.48 

12.55 

112.49 


Magnesia  mixture     Magnesia  mixture 
^o.  1.  Xo.  2. 


Total 
P2OS. 


Per  cent. 
12.40 
11.92 
12.76 
12.78 
12.54 
12.55 


Differ- 
ence, 
greater 
(  +  )and 
less  (— ), 

than 
official. 


Total 
P2O5. 


Differ- 
ence, 

greater 

H-)and 

less  (— ), 

than 

official. 


Per  cent.  '  Percent.^  Per  cent. 


—  .15 

—  .59 

—  .22 

—  .34 

—  .20 
+  .24 


12.66 
+  .57 
1.05 


12.43 

-.78 
1.27 


12.72 
12.02 
13.48 
13.22 
12.75 
12.44 

12.17 
12.19 


94       12. 30 
....      12.31 


.17 
.49 
.50 
.10 
.01 
.13 

.05 
.29 

.18 
.24 


12.57 
+  .93 
1.54 


Results  received  too  late  to  be  included  in  averages. 


COMMENTS    OF   ANALYSTS   UPON    THE    DETERMINATION    OF    PIIOSPHOKIC    ACID    GRAVI- 
METRICALLY   AND    UPON   THE   NEW   MAGNESIA    MIXTURES  NOS.  1  .YND    2. 

F.  B.  Bomberger,  Maryland. — All  the  magnesium  ammonium  i)hosph ate  precipitates, 
except  the  insoluble  of  Xo.  3,  were  washed  with  300  cc  of  24^  per  cent  ammonia, 
which  was  found  sufficient  to  practically  free  them  of  chlorids.  Insoluble  of  Xo.  3 
required  about  250  cc. 

It  was  found  almost  impossible  to  get  white  precipitates  after  igniting,  this  being 
especially  true  where  the  new  magnesia  mixtures  were  used.  Reigniting,  after  add- 
ing a  few  drops  of  nitric  acid,  changed  the  precipitates  to  grayish  white,  and  low- 
ered the  weights  0.3  of  a  milligrojn  (average  of  nine  determinations). 

The  precipitates  from  the  new  magnesia  mixtures  were  very  fine,  and  exhibited  a 
marked  tendency  toward  going  through  the  filters  of  Gooch  crucibles. 

C.  L.  Sargent,  Rhode  Island. — The  '''white  precipitates"  were  washed  with  about 
100  cc  of  wash  solution,  and  were  practically  free  from  chlorids.  The  precipitates 
were  black  in  every  case  where  the  official  magnesia  tuixture  was  used,  and  with 
magnesia  mixtures  Xos.  1  and  2  the  precii)itates  from  samples  1  and  2  were  black 
and  from  X^o.  3  gray;  20  cc  of  official  magnesia  mixture  were  used  for  sample  Xo.  1, 10 
cc  for  X"o.  2,  and  15  cc  for  Xo.  3. 

E.G.Xewborne,  Xorih  Carolina. — The  magnesium  ammonium  i)hosphate  precipitates 
were  burned  to  whiteness. 

F.  B.  Carpenter,  North  Carolina. — The  ''white  precipitates''  were  washed  prac- 
tically free  of  chlorids,  which  required  from  200  cc  to  250  cc  of  wash  solution. 
They  were  also  burned  to  whiteness. 

JVilliam  Allen,  North  Carolina. — My  "white  precij)itates''  were  washed  practically 
free  of  chlorids  and  were  burned  to  whiteness. 

Reporter. — All  my  "  white  precipitates"  were  washed  practically  free  of  chlorids 


68 


and  burned  to  whiteness.  I  find  no  difficulty  in  burning  precipitates  to  whiteness  or 
to  a  grayish  white,  at  least  when  they  have  been  previously  washed  free  of  chlorids 
and  dried  before  burning. 

C.  L.  Hare,  Alabama. — My  '•  white  precipitates'"  were  washed  free  of  chlorids  and 
burned  to  a  light  gray,  no  further  loss  taking  place  on  burning  to  whiteness. 

ADDITIONAL   RESULTS   FOR   COMPARISON    OF   MAGKESIA   MIXTURE  NO.  2  WITH 
OFFICIAL   MAGNESIA   MIXTURE. 

Mr.  John  P.  Street,  of  the  New  Jersey  Station,  has  made  determinations  of  total 
phosphoric  acid  in  ninety -six  fertilizers,  using  magnesia  mixture  No.  2  in  com- 
parison with  the  official  one.     Mr.  Street  comments  as  follows  upon  his  resulj;s: 

I  have  given  the  new  magnesia  mixture  (No.  2)  a  thorough  test,  and  am  very  much 
pleased  with  it.  I  found  from  my  results  on  the  official  samples  that  mixture  No.  2 
gave  the  better  results;  probably  there  is  too  much  citric  acid  in  No.  1.  I  therefore 
used  No.  2  throughout  in  my  com])arative  work.  The  saving  of  time  by  this  new 
mixture  is  large,  and  it  seems  to  me  that  more  uniformity  is  obtained.  The  adop- 
tion of  this  modification  would  mean  a  great  deal  to  us,  as  it  requires  consideral>le 
time  to  add  the  old  magnesia  mixture  drop  by  drop.  I  also  send  some  results  where 
I  used  the  new  mixture  in  duplicate  determinations.  Their  close  agreement  shows 
the  uniformity  of  results  obtained  with  the  new  mixture.  Seven  of  the  ninety-six 
samples  gave  wide  results,  varying  from  0.28  to  0.38  per  cent  higher  by  the  new 
method.  In  my  judgment  this  apparent  discrepancy  was  not  in  any  way  due  to  the 
methods,  but  owing  to  the  fact  that  all  of  the  analyses  were  made  in  the  rush  of 
routine  work,  and  lack  of  time  had  prevented  the  necessary  repetition  of  the  work. 
They  are  therefore  omitted  from  the  averages,  which  are  10.94  for  the  official  method 
and  10.96  for  the  new  magnesia  mixture. 


Table  II. — Comparative  results  on  total  phosphoric  acid  I 
and  magnesia  mixture  Xo.  2. 

[John  P.  Street,  analyst.] 


the  official  magnesia  mixture 


No.  of 
sample. 

Official 

mix- 
ture. 

New 
mag- 
nesia 
mix- 
ture 
No.  2. 

No.  of 
sample. 

Official 
mag- 
nesia 
mix- 
ture. 

New 

mix- 
ture 
No.  2. 

No.  of 
sample. 

Official 
mag- 
nesia 
mix- 
ture. 

New 
mag-    1 
nesia  ; 
mix- 
ture   ; 
No.  2. 

! 

No.  of 
sample. 

Official 
mag- 
nesia 
mix- 
ture. 

New 
mag- 
nesia 
mix- 
ture 
No.  2. 

Per  ct. 

1 
Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

Per  ct. 

337 

10.53 

10.64 

361 

7.54 

7.63 

385 

9.99 

10.28 

410 

14.26 

14.36 

338 

7.09 

7.11 

362 

11.78 

11.91 

386 

11.50 

11.55  i 

411 

12.  57 

12.48 

339 

12.14 

12.45 

363 

11.78 

11.90 

387 

9.41 

9.49 

412 

1L53 

11.63 

3i0 

12.67 

12.80 

364 

12.04 

12.07 

388 

14.02 

14.02 

413 

10.18 

10.18 

341 

13.86 

13.86 

365 

8.41 

8.47 

389 

9.35 

9.47 

414 

n.77 

11.77 

342 

14.82 

14.95 

366 

10.95 

10.93 

390 

8.27 

8.61 

415 

11.67 

n.74 

343 

11.96 

12.10 

367 

8.69 

8.55 

391 

9.37 

9.75 

416 

12.94 

13.06 

.344 

8.93 

9.05 

368 

10.81 

10.90 

392 

.  12. 47 

12.52 

,        417 

9.30 

9.40 

345 

9.61 

9.70 

369 

12.78 

12.89 

393 

10.21 

10.30 

418 

10.73 

10.63 

346 

6.77 

6.91 

370 

8.36 

8.36 

394 

12.18 

12.18 

419 

13.06 

13.06 

347 

9.60 

9.64 

:J71 

9.54 

9.60 

395 

9.40 

9.67 

420 

12.25 

12.15 

348 

10.14 

10.14 

372 

11.00 

11.08 

396 

8.03 

7.93 

421 

n.26 

n.i7 

349 

13.39 

13.51 

373 

13.01 

12.90 

397 

11.93 

12.04 

422 

9.21 

9.09 

350 

13.36 

13.21 

374 

1L21 

11.35 

398 

11.03 

11.09 

423 

9.53 

9.41 

351 

13.61 

13.73 

375 

9.58 

9.52 

399 

9.54 

9.64 

424 

9.53 

9.49 

352 

12.38 

12.28 

376 

10.76 

10.78 

400 

12.53 

12.40 

425 

12.95 

12.  83 

353 

12.05 

12.03 

377 

8.78 

8.89 

401 

11.80 

12.08 

426 

9.06 

9.11 

354 

11.04 

1L05 

378 

10.65 

10.52 

402 

9.49 

9.61 

427 

n.88 

11.83 

355 

12.99 

12.89 

379 

9.75 

9.75 

403 

9.70 

9.82 

428 

14.06 

14.06 

356 

10.47 

10.40 

380 

9.15 

9.30 

404 

10.21 

10.32 

429 

9.12 

8.98 

357 

10.94 

10.94 

381 

n.00 

10.90 

405 

10.65 

10.  96 

430 

12.26 

12.26 

358 

8.61 

8.61 

'        382 

13.40 

13.47 

406 

7.67 

7.73 

431 

n.87 

11.85 

359 

12.31 

12.41 

383 

12.78 

12.68 

407 

8.06 

8.13 

432 

12.39 

12.27 

360 

1L12 
Average 

11.  09 

\        384 

12.81 

12.67 

408 

8.72 

8.80 

433 

9.42 

9.40 

10.94 

10.96 
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DISCUSSION  ( )F  RESULTS. 

Gravimetric  metlwd,  official  magnesia  mixture. — Phosphate  solution  No,  1  sent  out 
contained  10  grams  c.  p.  disodiurahydrogen  phosphate  (Na:HP04,  12  H-O)  to  the 
liter,  the  theoretical  percentage  of  PiO.^  in  this  salt  being  19.826.  The  highest  result 
obtained  on  this  sample  was  20.50  per  cent  and  the  lowest  19.75  per  cent,  the  former 
being  0.674  of  1  per  cent  above  the  theory  and  the  latter  but  0.076  of  1  per  cent  below 
the  theory.  The  average  of  all  results  is  20.044  per  cent,  which  is  0.218  of  1  per  cent 
above  the  theoretical  content,  and  the  variation  between  highest  and  lowest  results  is 
0.75  of  1  per  cent.  Fourteen  per  cent  of  the  determinations  were  within  0.05  of  1  per 
cent  of  the  theory ;  33 J  per  cent  within  0.10  of  1  jier  cent,  and  .55|  per  cent  within  0.2 
of  1  per  cent.  On  the  whole,  these  results  make  a  slightly  better  showing  toward 
accuracy  than  did  those  of  last  year  on  the  same  phosphate,  but  like  the  results  of 
last  year  most  of  them  are  high.  Last  year  there  were  two  results  below  the  theory, 
19.74  and  19.78;  this  year  there  are  also  two  below,  19.75  and  19.78,  the  lowest  of  the 
former  being  0.08  of  1  per  cent  below  the  theory  and  of  the  latter  0.07  of  1  per  cent. 
Last  year  the  result  highest  above  the  theory  was  0.84  of  1  jjer  cent  and  this  year 
0.76  of  1  per  cent. 

Phosi)hate  solution*Xo.  2  was  No.  1  diluted  with  five  parts  of  water,  and  therefore 
contained  3.304  per  cent  of  P;05.  The  highest  result  obtained  on  this  samjjle  was 
3.65  per  cent,  or  0.346  of  1  per  cent  above  the  theory ;  and  the  lowest  result  was  3.20 
per  cent,  which  is  0.104  of  1  per  cent  below  the  theory.  Out  of  forty-two  results  on 
this  sample,  there  are  four  below  the  theory,  these  variations  being  0.10,  0.02,  0.02, 
and  0.01  of  1  per  cent,  while  the  greatest  variation  above  the  theory  is  0.346  of  1  per 
cent.  Sample  No.  3  was  a  mixed  fertilizer,  and  we  do  not  therefore  know  its  exact 
content  of  phosphoric  acid.  The  average  aud  variations  from  this  are  given  for 
what  they  are  worth,  which  is  very  little.  Judging,  however,  from  the  work  on  the 
other  samples  of  c.  p.  phosphates,  I  would  say  that  the  content  of  phosiihoric  acid 
in  this  sample  is  not  far  from  12.40  per  cent.  This  would  indicate  that  most  of  the 
results  on  this  sample  are  also  too  high. 

All  this  adds  to  the  point  dwelt  upon  at  considerable  length  in  my  report  on  this 
subject  last  year,  that  our  official  method  for  phosphoric  acid  gives  high  results  in 
the  hands  of  nearly  all,  if  not  all,  workers,  and  may  give  extremely  high  ones  in  the 
hands  of  some.  We  have  the  consolation,  however,  of  knowing  (as  the  reporter  sees 
it)  that  there  is  no  well-established  method  of  sufficient  rapidity  that  suits  our  needs 
better  or  with  which  we  can  get  better  results. 

Xew  magnesia  mixtures  Xos.  1  and  2. — These  need  not  be  discussed  at  any  lengtli. 
The  reporter  admits  that  his  afterwork  (after  sending  out  the  instructions)  with 
them  has  not  been  satisfactory.  While  the  average  results  with  them  on  all  the  sam- 
ples are  much  nearer  the  theory  than  those  obtained  with  the  official  mixture,  the 
variations  are  ({uite  wide.  In  some  hands  they  have  given  high  results,  and  in  others 
low  ones,  while  in  others  still  the  results  have  been  perfectly  satisfaciory,  this  latter 
being  especially  true  of  Mr.  Street's  results.  Mr.  Street  has  done  more  work  with 
them  than  anyone  else,  and  his  results  deserve  special  mention.  Of  the  two  new 
magnesia  mixtures,  No.  1,  as  would  be  expected,  generally  gave  the  lower  results  on 
account  of  the  larger  amount  of  citric  acid  contained  in  it. 

The  new  magnesia  mixtures  were  in  practicallj"  2.5  per  cent  ammonia  solution, 
and  the  ammonium  phosphomolybdate  was  also  dissolved  in  2.5  per  cent  ammonia. 
The  object  of  the  reporter  in  directing  in  the  instructions  that  the  mixtures  be  added 
at  once  with  stirring  was  on  the  ground  that  in  this  way  an  excess  of  botli  ammonia 
and  magnesium  chlorid  would  be  present  before  precipitation  commenced,  and 
hence  no  monomagnesium  diannnouium  phosphate,  as  claimed  by  von  Lorenz, 
would  form,  and  the  presence  of  citric  acid  would  prevent  the  formation  of  tri- 
magnesium  phosphate,  so  there  would  only  form  magnesium  ammonium  phosphate. 
On  this  supposition,  were  the  precipitation  complete,  the  results  woiild  be  correct. 
It  would  seem,  therefore,  that  the  reporter  did  not  strike  the  proper  conditions  for 
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obtaining  correct  results  by  the  nse  of  citric  acid,  if  it  be  true,  as  stated  by  Yon 
Lorenz,  that  citric  can  be  used  in  this  way  for  getting  theoretical  results  by  the 
molybdate  method.  F.  Bergami,  in  a  recent  article,^  shows  that  to  get  results  by 
the  citrate  method  that  are  comparable  with  those  by  the  molybdate  method,  the 
amount  of  citrate  solution  used  must  be  carefully  regulated,  and  Dr.  Johnson,  in  the 
article  already  referred  to,  states  that  the  conditions  under  which  the  citrate  metliod 
will  give  good  results  ''must  be  empirically  determined."  It  is  therefore  probable 
that  should  the  proper  conditions  be  found  for  using  citric  acid  in  the  way  it  has 
been  used  in  the  investigation  of  this  year,  good  would  then  be  obtained. 

II. — Results  on  Reporter's  Sample  No.  3  by  the  Citrate  Method. 
Dr.  Fassbender,  of  Kempen  a  -Rh.,  reports  as  follows : 
Sample  No.  3 :                                                                                                                           Per  cent. 
Total  phosphoric  acid \    ■"    ^ 

(     8    1  o 

Citrate-soluble  phosphoric  acid ^ 

^        ^  ^8.17 

Total  i)hosphoric  acid  was  determined  by  the  method  given  by  Dr.  Fassbender 

last  year,  and  the  citrate-soluble  by  the  method  of  Wagner-  as  given  for  basic  slag. 

Dr.  Wernskiold,  of  the  Christiania  Chemical  Control  Station  of  Norway,  reports 

on  sample  No.  3: 

Per  cent- 
Total  phosphoric  acid 12.  56 

Water-soluble  phosphoric  acid 7.  98 

Soluble  in  alkaline  ammonium  citrate 2.  ,30 

Insoluble 2.  28 

Total  was  determined  by  the  citrate  method,  and  the  phosphoric  acid  soluble  in 
alkaline  ammonium  citrate  was  determined  according  to  the  method-^  of  Dircks  and 
Wernskiold. 

Mr.  E.  G.  Runyan,  of  the  United  States  Department  of  Agriculture,  reports  total 
PoOg  in  No.  3  by  the  German  citrate  method,  as  follows:  12.82,  12.91,  12.50,  and 
13.10  per  cent  (average,  12.83  per  cent),  the  average  of  his  results  by  our  official 
method  being  12.53  per  cent,  or  0.30  of  1  per  cent  lower  than  by  the  German 
citrate  method.  He  also  reports  citrate-soluble  in  No.  3,  determined  by  the  method 
described  hj  Runyan  and  Wiley  "*,  as  follows:  2.29,  2.49,  and  2.08  per  cent,  the  official 
method,  by  difference,  giving  him  3.40  per  cent. 

III. — Volumetric  Determination  of  Phosphoric  Acid. 

While  the  results  by  the  volumetric  method  last  year  were  encouraging,  they 
were  not  such  as  to  give  the  analysts  who  tried  it  any  considerable  faith  in  it  as  it 
then  stood,  especially  for  high  percentages,  and  some  considered  it  Avithout  advan- 
tage over  the  gravimetric  method,  and  unreliable.  With  these  views  of  the  method 
in  the  mjnds  of  the  analysts,  the  reporter  feared  that  it  would  be  a  waste  of  time  to 
;igain  send  out  the  method  for  investigation  without  making  some  improvement  in 
it.  The  reporter  accordingly  spent  at  least  a  month  in  the  spring,  before  sending 
out  samples,  in  the  study  of  the  method  in  its  various  phases  and  in  trying  numerous 
modifications. 

The  results  obtained  by  the  reporter,  and  presented  in  a  paper''  to  this  association 

'  Jour.  Franklin  Inst.,  August,  1895. 
2 Wiley's  Agr.  Anal.,  II,  pp.7,  79. 
sLandw.  Versstat.,  XXXIV,  p.  425. 

4  Jour.  Am.  Chem.  Soc.  XVII,  513. 

5  Bui.  43,  U.  S.  Dept.  Agr.,  Div.  Chem.,  p.  100, 
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last  year,  by  a  different  method  of  precipitation  and  washing,  "were  much  more  uni- 
form and  satisfactory  than  those  obtained  by  the  original  Pemberton  method.  This 
modified  method  gave  quite  as  good  results  in  the  reporter's  hands  as  did  the  official 
method.  It  was  therefore  decided  to  use  60^  C.  as  the  temperature  of  precipitation 
and  the  official  niolybdate,  instead  of  boiling  temperature  and  the  aqueous  molyb- 
date,  as  used  by  Pemberton,  as  the  starting  point  for  the  investigation. 

Knowing  that  molybdic  acid  was  the  cause  of  the  trouble  in  the  volumetric  method, 
various  ways  of  getting  rid  of  it  were  tried.  After  several  failures,  an  attempt  was 
made  to  find  Avash  solutions  which  would  dissolve  molybdic  acid,  but  not  ammonium 
phosphomolybdate. 

Using  a  c.  p.  disodium  hydrogen  phosphate  solution  (=:  19.826  per  cent  P2O5),  the 
following  results  were  obtained  with  different  strengths  of  nitric  acid  for  washing, 
finishing  with  potassium  nitrate  solution  and  water  to  remove  nitric'aeid. 

Wash  solutions. 


A^      1  ^     <•  Number  of 
''™f  ,          waslieil 

t"'™-      ;        tion. 

Xiunber  of  1 
times 
washed       Washed  on 
with  3  per    filter  with 
centKXOs      H.,Occ. 
by  decan- 
tation. 

5  cc  1-42 
sp.  gr. 

HXO3  in 
100  cc 
water. 

10  cc  1.42 
sp.gT. 

n^Oi  in 
100  cc 
water. 

20  cc  1.42 
sp.gr. 

HXO3  in 
lOOcc 
water. 

Washed  1 
with      j 
water 
only. 

1 
1 
1 
2 
2 
9 

2 

1 

275 

275 
275 
400 
400 
275 

Per  cent. 

Per  cent. 

Per  cent. 
19.80 

Per  cent. 

1 

19.84 

2 

19.98 

1 
1 

■ 

19.80 

19.87 

1 

19.80 

400 

19.98 

2 
2 

1 
1 

230 
350 
700 
550 

19.87 
19.83 



3 

19.93 
19.85 

3 

" 

The  washing  with  dilute  nitric  acid  and  3  per  cent  potassium  nitrate  was  always 
by  decantation.  using  50  cc  to  75  cc,  agitating  thoroughly,  and  allowing  the  precipi- 
tate to  completely  settle  each  time. 

SOLUBILITV   OF   MOTA'BDIC   ACID   IX   VARIOUS   WASH    SOLUTIONS. 


The  next  point  investigated  was  the  solubility  of  molybdic  acid  in  various  solu- 
tions which  might  be  used  for  washing.  This  solubility  is  expressed  in  terms  of  the 
number  of  cc  of  the  standard  alkali  used  in  the  volumetric  method,  neutralized  by 
the  molybdic  acid  dissolved;  100  cc  of  this  alkali  is  etiual  to  32.38  cc  of  normal 
alkali. 
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SoluMiitij  of  Mo 0. 1  in  various  wash  solutions. 


® 

o 

1 

o  2 
o 

u 

62 

^i1 

C5.a 

M 

1 

0^ 

^ 

<1 

H 

^ 

in 

s"=' 

s"^ 

•0 

lO 

in 

cc. 

/irs. 

cc  alk. 

cc  aZA:. 

cc  a?^. 

cc  aZA;. 

cc  aZA:. 

CC  alk. 

cc  alk. 

cc  aZA-. 

I.... 

2 

o 

100 

1 

U.4 

5.6 

6.8 

20.4 

20.5 

20.5 

1 
1 

100 
100 

2 

4 

7.4 

n.3 

8.1 
1.5 

8.8 
^2.  0-2.  3  3 

2.75 

(^ 

2.8 

3  per cent 
20.9 

^■ 

i 

1 

100 

1 

2.45 

.8 

1.5 

2.5 

3.10 

.25 

....\ 

1 

100 

4 

22  4 

23  55 

5  15 

6  3 

2  95 

1 

1 

100 
100 

22.9 

24.7 

7.3 
d        2  2 

8.85 

21.0 

.8 

7 

41.4 

5... 

1 

100 

1 

.       2.8 

I        2.8 

.8 

.8 

1 

'-  Stood  eiglitcoii  hours  and  then  filtered  turbid,  thougli  doulile  tilter  was  used;  result  too  high. 

2Filtered  turbid;  results  too  high. 

3 Used  as  in  washing  the  "yellow  precipitate" — one  portion  of  100  cc  was  added,  stirred,  and 
allowed  to  stand  fifteen  minutes"  and  filtered  off,  when  another  portion  of  100  cc  was  added  and  treated 
in  the  same  way. 

4 Stood  twenty-four  hours  before  clear  filtrate  could  be  obtained. 

Tliese  solubility  determinations  were  made  by  allowing  100  c  c  of  the  respective 
solutions  to  stand  in  a  beaker  with  the  molybdic  acid  for  the  times  indicated  in  the 
table,  stiring  once  or  twice  to  keep  the  molybdic  acid  in  contact  with  the  liquid, 
but  allowing  sufiQcient  time  before  filtration  for  most  of  it  to  settle  to  the  bottom  of 
the  beaker.  The  washes  were  then  filtered  through  double  filters,  evaporated  to 
dryness  (where  nitric  acid  was  present),  heated  in  air  bath  till  nitric  acid  was 
driven  ofi",  and  titrated.  It  was  found  very  difficult  to  prevent  the  molybdic  acid 
from  passing  through  the  filter  when  water  was  used  as  the  solvent.  It  would 
remain  suspended  in  very  finely  divided  state  in  water  for  twenty-four  hours  and 
pass  through  th,e  filter.  The  results  for  the  water  solubility  are  therefore  generally 
too  high.  This  is  also  true  to  a  less  extent  of  the  solubility  in  2.5,  3,  and  5  per  cent 
potassium  nitrate  solutions,  and  in  the  5  per  cent  sodium  nitrate  solution,  and  to  a 
still  less  extent  of  the  solubility  in  2  and  5  cc  of  nitric  acid  solutions. 

The  results  are  not  all  uniform^  but  fairly  so  when  the  same  molybdic  acids  were 
used.  None  of  these  molybdic  acids  were  pure.  Nos.  1  and  2  contained  consider- 
able quantities  of  ammonium  nitrate  and  molybdate  of  ammonia,  and  perhaps  some 
sodium  molybdate.  ISTos.  3,  4,  and  5  were  washed  by  decantation  for  a  day  or  more 
with  large  quantities  of  dilute  nitric  acid,  and  finally  with  Avater  once  or  twice, 
and  contained,  so  far  as  we  ascertained,  only  molybdates  as  impurities.  These 
impurities  did  not,  we  think,  materially  aifect  the  solubility  of  these  acids  in  the 
wash  solutions.  The  results,  at  any  rate,  are  of  value  in  showing  the  comparative 
solvent  action  of  the  different  washes  for  molybdic  acid  under  conditions  similar  to 
those  in  which  they  are  used  in  the  method. 

They  shoAv  that  water  and  the  potassium  and  sodium  nitrate  solutions  have  very 
little  solvent  action,  while  that  of  the  stronger  nitric  acid  solutions  is  quite  con- 
siderable. 

The  dilute  nitric  acid  wash  containing  10  cc  of  1.42  sp.  gr.  nitric  acid  in  100  cc 
of  the  wash  was  adojited  for  washing  because  it  possesses  good  solvent  power  for 
molybdic  acid,  and  is  of  practically  the  same  acidity  as  the  solution  in  which  the 
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precipitation  of  phosphoinolybdate  of  ammonium  is  made  in  the  official  method. 
The  official  molvbdic  solution  contains  nearly  15  cc  of  1.42  sp.  gr.  nitric  acid  in 
50  cc,  and  a  solution  requiring  50  cc  of  molybdic  solution  to  precipitate  the  phos- 
phoric acid  in  it  usually  has  a  volume  near  100  cc;  the  two  would  give  a  volume  of 
150  cc,  containing  about  10  cc  nitric  acid  in  the  100  cc.  We  know  that  precipita- 
tion is  complete  in  a  solution  of  this  acidity,  and  no  solvent  action  takes  place  even 
on  long  standing.  It  therefore  seems  reasonable  to  conclude  that  nitric  acid  of  the 
same  strength  would  exert  little  or  no  solvent  action  on  the  ammonium  phosphomo- 
lybdate  in  the  short  time  required  to  wash  the  precipitate. 


SOLUBILITY      OF 


PHOSPHOMOLYBDATE      OF      A3IMOXL\ 
SOLUTIONS. 


IN     THE     FOREGOING    WASH 


It  now  seemed  necessary  to  investigate  the  solubility  of  ammonium  phospho- 
molybdate  in  these  same  wash  solutions.  This  was  done  by  preparing  a  pure 
phosphomolybdate  of  ammonia  from  sodium  phosphate  by  precipitating  with  a 
deficient  quantity  of  molybdic  solution.  This  ammonium  phosphomolybdate  con- 
tained 3.789  per  cent  P.2O5,  the  theory  being  3.783,  showing  that  it  was  practically 
pure.  The  solubility  is  expressed  in  terms  of  the  number  of  cc  of  standard  volu- 
metric alkali  required  to  neutralize  the  phosphomolybdate  dissolved;  1  cc  of  this 
alkali  equals  1  milligram  P-O.-,. 

SuluhUity  of  ammonium  phosphomolybdate  in  wash  solutions. 
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None. 
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Trace. 

None. 
Trace. 

None. 
Trace. 

None. 

from   20    per    cent 
phosphate  to  .stand 

Trace. 

in  those  solutions.    J 

1  These  filtered  very  turbid;  thev  had  not  settled  in  twenty-four  hours,  and  the  precipitate  r.in 
through. 
■•'These  stood  at  laboratory  temperature  (about  27")  after  the  first  twentv-four  hours. 
^Filtered  turbid;  result  too  high. 

From  0.75  to  1.4  grams  of  the  preparedphosphomolybdate  was  shaken  up  in  flasks 
with  500  cc  of  the  wash  solutions;  200  cc  of  this  was  filtered  off  at  the  end  of 
twenty-four  and  one  hundred  and  six  hours,  respectively,  evaporated  to  dryness, 
the  nitric  driven  oft\  and  the  residue  titrated.  The  pho.sphomolybdate  settled  in 
only  two  or  three  of  those  washes  in  less  time  than  twenty-four  hours,  and  even 
then  the  very  line  particles  remained  suspended  in  the  water  solutions,  and  it  was 
found  impossible  to  get  clear  filtrates  from  them.  The  results  for  water  solubility 
are  therefore  too  high.  For  the  reason  just  stated  the  solubility  of  ammonium 
phosphomolybdate  in  the  washes  could  not  be  determined  for  the  times  they  would 
ordinarily  stand  in  contact  with  the  precipitate  in  washing  by  the  use  of  the  pure 
molybdate.  If,  however,  the  solubility  of  even  this  pure  phosphomolybdate  was 
proportional  to  the  time  of  standing  in  the  washes  the  amount  that  would  have  been 
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dissolved  by  all  the  waslies  (dilute  nitric  acid,  potassium  nitrate,  and  water)  used 
in  wasliing  a  preci]3itate  in  the  ordinary  thirty  minutes  required  for  washing  could 
hardly  have  been  found.  I  calculate  that  on  this  basis  a  plus  correction  of  about 
0,016  of  1  per  cent  would  be  necessary  on  basis  of  0.2  gram  substance. 

The  solubility  of  the  **  yellow  precipitate/'  just  as  it  is  precipitated  in  ordinary 
work  along  with  the  salts  carried  down  with  it,  was  also  determined  in  the  wash 
solutions  by  allowing  200  cc  of  them  to  stand  in  contact  with  the  precipitate  for 
one-half  and  one  hour,  respectively,  after  stirring  thoroughly.  The  precipitates 
settle  completely  and  quickly  in  this  way.  In  none  of  these  washes  could  more  than 
a  trace  of  phosphoric  acid  be  found. 

Again,  all  the  washings  (3,600  cc)  from  six  determinations  of  phosphoric  acid  in 
samples  1  and  2,  sent  out  by  the  reporter,  were  combined,  evaporated  down,  and  the 
phosphoric  acid  in  them  determined  by  the  gravametric  method,  when  0.38  milligram 
P2O5  was  found  corresponding  to  a  plus  correction  of  0,03  of  1  per  cent  on  0.2  gram 
basis, 

A  similar  result  was  obtained  from  the  washings  from  eight  determinatious  in 
samples  1  and  2.  These  results  indicate  that  while  the  wash  solutions  used  in  the 
work  on  the  volumetric  methods  this  year  have  marked  solvent  power  for  molybdic 
acid,  they  have  practically  no  solvent  action  on  phosj)homolybdate  of  ammonia,  and 
that  a  correction  for  ordinary  work  at  least  is  not  necessary.  There  is  danger,  how- 
ever^ from  mechanical  loss.  The  precipitate  is  first  washed  by  decantation  with 
dilute  nitric  acid  and  potassium  nitrate,  and  afterwards  with  water  to  remove  the 
nitric  acid.  In  this  after  washing,  when  all  the  salts  have  been  removed  from  the 
precipitate  and  as  much  as  600  or  700  cc  of  water  have  been  used,  the  precipitate 
begins  to  pass  through  the  filter  mechanically  and  settle  to  the  bottom  of  the  recep- 
tacle, I  do  not,  however,  and  most  of  the  analysts  this  year  have  not  found  it  neces- 
sary, to  wash  with  more  than  300  cc  of  water.  I  consider  that  500  or  600  cc  may 
be  used  without  this  loss,  but  the  filtrate  should  be  closely  observed  when  it  goes 
beyond  this  amount, 

COMMENTS   OF   ANALYSTS   UPON   THE   DETERMINATION    OF    PHOSPHORIC   ACID   BY   THE 

VOLUMETRIC    METHOD. 

H.  C.  Sherman,  Maryland. — My  work  with  the  volumetric  method  has  been  mainly 
on  low  percentages ;  300  to  400  cc  of  water  was  usually  sufficient  for  washing  the 
precipitates  free  of  acid.  The  results  are  perfectly  satisfactory,  agreeing  well  with 
those  obtained  by  the  official  method,  though  generally  a  little  lower.  When  the 
reporter's  instructions  about  precipitation  were  followed,  no  trouble  was  experienced 
in  the  subsequent  filtration  and  washing.  The  only  objection  of  importance  to  the 
method  is  the  bluish  color  in  titration,  which  sometimes  interferes  with  the  end 
reaction,  but  this  does  not  occur  in  low  percentages.  I  used  2-inch  funnels  with 
platinum  cones  and  filter  paper  for  filtering,  employing  suction. 

F.  P.  Veitch,  Maryland. — Filtration  was  made  in  the  Gooch  crucible,  with  two 
pieces  of  filter  paper  slightly  larger  than  the  bottom  of  the  crucible  pressed  tightly 
against  the  bottom  with  a  stirring  rod.  It  was  found  necessary  to  cut  the  paper 
slightly  larger  than  the  bottom  of  the  crucible  to  prevent  the  precipitate  from 
running  through.  Using  this  filter,  I  washed  twice  with  dilute  nitric  acid  and  once 
with  potassium  nitrate  by  decantation,  as  directed  by  the  reporter;  then  twice  by 
decantation,  with  about  25  cc  of  water  each  time.  The  precipitate  was  then  brought 
upon  the  filter,  the  beaker  washed  out  twice,  the  crucible  removed  from  the  receiver 
and  washed  on  the  outside,  and  the  inside  of  the  rubber  holding  the  crucible  was 
washed ;  the  crucible  was  replaced  and  the  precipitate  washed  several  times  with 
water,  using  suction  and  allowing  each  portion  of  wash  to  run  through  before  add- 
ing more.  By  this  method  of  washing,  200  cc  of  water  was  sufficient  to  free  pre- 
cipitate of  acid,  and  no  blue  color  was  developed  in  the  titration  to  interfere  with 
the  end  reaction.     The  method  worked  well  with  me,  ray  results  being  good. 

TV.  4.  Powers,  Illinois. — Used  the  Gooch  crucible  for  filtering  in  the  volumetric 
method. 
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Maurice  Bird.  Lonlsiana. — Used  Swedish  filter  paper  for  lilterinf>;  in  the  volumetric 
method. 

/*.  G.  Xeichorne,  Xorih  Carolina. — Used  the  Hirscli  funnel  for  iilterinj^  in  the  a'oIu- 
metric  method. 

W.  M.  AUen,  Xorih  CaroJina. — While  a  student  of  the  University  of  Xorth  Carolina 
I  made  several  determinations  of  phosphoric  acid  by  the  volumetric  method,  1)ut  was 
uuahle  to  free  the  phosj^homolybdate  precipitate  from  molybdic  acid  by  washing 
with  water,  and  my  results  were  consequently  too  high  as  well  as  not  concordant; 
but  by  washing  as  directed  by  the  reporter  this  difflculty  has  been  entirely  obviated 
in  my  j^ractice  with  the  method  as  sent  out  for  investigation  this  year. 

I  ran  six  determinations  at  a  time,  precipitated  at  65°,  in  water  bath,  allowed 
to  stand  six  minutes  after  the  molybdic  solution  was  added,  and  filtration  was  com- 
pleted in  two  and  one-half  minutes  after  taking  out  of  bath.  It  required  about  thirty 
minutes  to  wash  six  precipitates  with  the  dilute  nitric  acid,  potassium  nitrate  solu- 
tion, and  water.  My  results  by  the  method  have  been  good,  and  I  am  very  much 
jilensed  with  it. 

F.  li.  Carpenter,  Xorth  CaroUna. — In  my  work  on  the  volumetric  method  the 
instructions  were  followed  as  closely  as  possible  with  the  exception  of  tlie  time  of 
])recipitation,  which  was  extended  to  six  minutes,  and  the  temperature  ranged  from 
62^^  to  65"^  during  precipitation.  Precipitation  at  65°  is  quicker  and  does  not  seem 
to  affect  the  results,  and  I  would  regard  this  as  perhaps  the  best  temperature  to  use 
in  this  method. 

My  experience  with  the  volumetric  method  as  sent  out  this  year  has  been  very  sat- 
isfactory. Everything  considered,  I  believe  it  will  prove  more  desirable  than  the 
present  gravimetric  method.  The  work  fcan  be  carried  on  with  much  greater  rapid- 
ity and  the  results  are  more  uniform  than  by  the  gravimetric  method. 

C.  B.  WiUiams,  Xo7'th  Carolina. — I  have  made  about  two  hundred  and  fifty  deter- 
minations of  phosphoric  acid  by  the  volumetric  method  as  sent  out  by  the  reporter  this 
year,  and  have  found  the  precipitation,  filtration,  and  washing  to  be  perfectly  sat- 
isfactory. The  neutral  point  in  titration  can  be  easily  determined  after  a  little 
practice.  On  chemically  pure  phosphates  this  method  has  given  me  almost  theoret- 
ical results,  while  the  official  gravimetric  method  gave  almost  invariably  high  results. 
I  consider  the  volumetric  method  better  than  the  gravimetric,  not  only  in  that  it 
gives  more  accurate  results,  but  also  in  that  at  least  twice  as  many  determinations 
can  be  made  by  it  as  by  the  gravimetric. 

B.  E.  Xohle,  Alalama. — My  results  by  the  volumetric  method  as  sent  out  by  you  this 
year  agree  well  with  those  by  the  official  method,  though  slightly  lower  and  more 
uniform.  The  present  method  is  free  from  the  criticism  of  excessive  and  objection- 
able washing  necessary  in  the  Pemberton  method.  In  fact,  I  have  found  250  cc  of 
water  to  be  sufficient  in  all  cases  to  free  the  precipitate  from  acid,  and  most  of  them 
were  freed  with  175  to  200  cc.  I  do  not  consider  it  necessary  to  test  to  see  if  all 
acid  is  removed  when  as  much  as  250  cc  of  wash  water  has  followed  the  decanta- 
tion  washings  with  dilute  nitric  acid  and  potassium  nitrate,  but  titrate  at  once  with 
perfect  safety.  The  method  saves  time,  and  is  an  improvement  in  every  way  over 
the  official  one. 

C.  L.  Hare,  Alabama. — Used  glass  funnels,  x^latinum  cones,  and  asbestus  for  filter- 
ing; washed  with  250  to  350  cc  of  water,  and  considers  the  volumetric  method, 
when  manipulated  with  the  necessary  care,  more  reliable  than  the  present  gravi- 
metric one. 

RESULTS    OBTAINED   BY   THE    VOLUMETRIC   METHOD. 

The  results  obtained  on  the  samples  sent  out  by  the  reporter  by  the  volumetric 
method  are  brought  together  in  Table  III,  beside  the  official  gravimetric  results  of 
the  same  analysts.  The  gravimetric  results  here  are  a  portion  of  those  jiresented  in 
Table  I  for  the  comparison  of  magnesia  mixtures.  Some  of  the  higher  gravimetric 
results,  however,  do  not  appear  here,  and  hence  the  average  is  lower  1  han  in  Table  I, 
but  the  discussion  of  the  gravimetric  results  given  there  also  applies  here. 
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Table  III. — Total  P2O5  hy  gravimetric  and  volumetric  methods,  reporter's  samples. 
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The  volumetric  results  are  what  I  deem  may  be  termed  most  excellent.  The  theo- 
retical i)ercentage  of  jihosphoric  acid  in  j)hosphate  solution  No.  1  is  19.826,  and  the 
average  of  all  results  by  the  volumetric  method  is  19.84,  or  0.014  of  1  per  cent  above 
the  theory ;  73  jier  cent  of  all  the  results  are  within  0.05  of  1  per  cent  of  the  theory, 
and  93  per  cent  Avithin  one-tenth  of  1  per  cent  of  the  theory,  there  being  only  three 
results  varying  more  than  one-tenth.  Phosphate  solution  Xo.  2  contained  3.304  per 
cent  P2O5  and  the  average  of  all  results  is  3.301,  or  0.006  of  1  per  cent  below  the 
theory ;  85  per  cent  of  the  results  are  within  0.05  of  1  per  cent  of  the  theory,  and 
all  are  within  one-tenth.  Considering  that  this  is  the  first  time  the  majority  of  the 
analysts  have  used  the  method,  the  results  are  very  gratifying. 

The  results  of  last  year  by  the  volumetric  method  as  originally  described  by  Pem- 
berton,  and  as  modified  by  the  reporter,  were  considered  as  only  encouraging.  It 
U'ay  not  therefore  be  out  of  place  here  to  ask,  AVhy  this  sudden  change  from  encour- 
aging or  indifferent  results  to  extremely  good  ones?  The  reporter  feels  that  he  has 
answered  this  question  in  the  foregoing  outline  he  has  given  of  his  investigation  of 
the  method  during  the  past  nine  months,  and  would  sum  up  his  reasons  for  the 
change  as  consisting  in  (1)  a  different  temperature  of  precipitation,  (2)  a  different 
molybdic  solution,  and  (3)  different  manner  of  washing  and  wash  solutions.  In  his 
own  hands  the  reporter  considers  that  the  volumetric  method  will  give  more  accu- 
rate results  than  the  official  gravimetric  method ;  his  three  coworkers  look  upon  the 
method  in  the  same  light,  and  most  of  those  who* have  worked  with  it  this  year 
seem  to  share  the  same  opinion.  Besides,  a  man  can  turn  out  from  two  to  three 
times  as  much  work  by  the  volumetric  as  by  the  gravimetric  method. 

ADDITIONAL   RESULTS    BY   THE    VOLFMETRIC    ."\IETIIOD. 

In  Table  IV  are  presented  quite  an  array  of  results  on  various  materials  (,164) 
comparing  the  volumetric  with  the  gravimetric  method.  With  a  few  exceptions  the 
results  are  good.  This,  I  may  say,  is  invariably  the  case  with  low  and  medium  per- 
centages. With  the  high  percentage  materials,  however,  there  are  a  number  of  ra  ther 
wide  A'ariations,  the  lower  results  Avith  two  exceptions  being  by  the  volumetric 
method.     When  we  observe  the  close  agreement  of  the  results  on  the  same  sample 
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by  the  Yoluraetric  metliod,  and  remember  the  tendency  of  the  gravimetric  method  to 
give  high  results,  we  are  strongly  inclined  to  aceej)t  the  A'olumetric  results  as  being 
nearer  the  truth. 

Table  IV. — Determinations  of  lylxosplioric  acid  in  various  materials  hy  f/rarimetric  and 

volumetric  methods. 

[H.  C.  Sherman  and  F.  P.  Veitch,  analysts,  Maryland  Agricultural  College,  College  Park,  Md.] 


Material. 


Insolubles  in  reg- 
ular fertilizer 

Avork 

Do 


Do. 
Do. 
Do. 
Do- 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do- 
Do. 
Do. 
Do. 
Do. 
Do. 
Do 
Do- 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do; 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


3.49 
1.70 
1.82 

.96 
4.74 
2.61 
1.12 
2.24 

.64 
1.28 
1.33 
2.51 
1.84 
1.06 
1.25 

.96 
1.60 
2.05 
3.30 
2.35 
1.81 
4.56 
1.39 
2.82 
1.46 

.30 
2.40 
2.43 

.46 
2.91 
2.96 
2.83 
3.08 
2.54 

.66 
1.30 
1.79 
1.50 
1.38 
1.65 

.50 


3.58 
1.67 
1.67 

.90 
4.59 
2.  .51 
j.05 
2.18 

.67 
1.29 
1.46 
2.58 
1.72 
1.03 
1.15 

.93 
1.66 
2.01 
•5.33 
2.43 
1.77 
4.45 
1.32 
2.70 
1.34 

.33 
2.40 
2.30 

.40 
2.95 
3.00 
2.78 
3.05 
2.52 

.66 
1.38 
1.79 
1.56 
1.45 
1.51 

.50 


H 

-?§ 

+^'i 

®  aj  a 

cS-^ 

!S-ig 

^ 

Perct.    P.ct.      cc.     '  P.ct. 


+  .09 
—.03 
—.15 
—.00 
—.15 
-.10 
—.07 
-.06 
I  +  .03 
'  +  .01 
i  +  .13 


.....^+.07 
..--—.12 


—.03 
—.10 
—.03 
'+.06 

L.04 
+  .03 
+  .08 
—.04 
!— -11 
—.07 
—.12 

+  .03 
'  .00 
—.13 
,—.06 
j4.04 
;+.  04 
—.05 
—.03 
-. .  02 
I  .00 
+.02 


00 

+ 

06 

+ 

07 

— 

14 

00 

Material. 


o 

g 

©  ~ 

i  I   n 


Insolubles  in  reg- 
ular fertilizer 
work 

Do '.. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Per  ct.   P.  ct. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Average  dif- 
ference... 


42 

3.34 

3.25 

43 

1.97 

1.96 

44 

.96 

.88 

45 

2.58 

2.45 

46 

3.91 

3.87 

47 

3.25 

3.20 

48 

1.07 

1.00 

49 

1.50 

1.41 

50 

2.85 

2.71 

51 

1.17 

1.18 

52 

2.69 

2.68 

53 

5.46 

5.43 

1.36 

.70 

1.39 

3.02 

.83 

.82 

2.16 

.94 

2.00 

1.78 

.74 

.24 

1.28 

2.03 

.90 

2.21 

1.98 

1.41 

1.60 

1.60 

1.54 

2.18 

.83 

2.21 

3.81 

1.33 


2.69 
1.29 

.68 
1.49 
3.03 

.90 

.97 
2.14 
1.07 
2.04 
1.64 

.80 

.30  1 
1.38 
2.09 
1.08 
2.11 
1.99 
1.56 
1.56 
1.46 
1.54 
2.20 

.90 
2.09 
3.79 
1.37 
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Table  IV. — Determinations  of  pliosphoric  acid  in  various  niaierials  bij  (/ravimetric  and 
volumetric  methods — Continued. 

[H.  C.  Sherman,  analyst,  Maryland  Agricultural  College.] 


ri 

. 

2> 

o 

.a 
© 

a 

1 

Material. 

1 

1 

a 

o 

1 

1 

m 

ill 

Material. 

1 

a 

o 

o 

a 

1 
1 

III 

3 

.£     1    O 

^ 

^ 

O 

> 

5 

^ 

o 

t> 

P^ 

^ 

Per  ct. 

P.ct. 

cc. 

p.  ct. 

Per  ct. 

P.ct. 

cc. 

P.cf. 

Mixed  fertilizer  . . . 

1 

1.41 

1.39 

200 

—.02 

Peruvian  guano . . . 

8 

3.30 

3.18 

—.12 

Do 

2 
3 

2.64 
3.20 

2.59 
3.13 

—.05 
—.07 

Do 

9 

10 

1.46 
.83 

1.39 

.80 

—.07 

Do 

Acid  phospliate . . . 

-.03 

Do 

4 

2.83 

2.76 

—.07 

Do 

11 

1.26 

1.16 

—.10 

Do 

5 
6 

2.82 
3.36 

2.81 
3.26 

—.01 
—.10 

Dis.solved  bone 

Average  dif- 

12 

1.98 

1.89 



—.09 

Do 

D*^ 

7 

3.01 

2.96 

—.05 

ference 

07 

[F.  C.  Teitch,  analyst,  Maryland  Agricultural  College.] 


Keporter's  sample 
Xo.  2  for  1894, 
gravimetric  aver- 
age 17.31  per  cent. 

Eeporter's  sample 
No.  1  for  3893, 
average  13.03  per 
cent 

Laboratory  sample. 
Do 


17.48 


17.20 


13.33  12.79 
7. 15  7. 15 
14.90  14.60 


130 


138 
125 
150 


Reporter's  sami)le 
Xo.  3  for  1894, 
theory  19.826  (') 
per  cent 

Laboratory  sample 

Do 

Do 

Reporter's  sample 
Xo.  2  for  1893, 
average  36.30  per 


Florida  phosphate.    10     38.44   37.38       275  '—L  06        cent 


2 

19.88 

100 

4 

15.38 

15.20 

150 

5 

10.54 

10.45 

80 

^ 

21.12 

20.66 

110 

9 

36.26 

35.89 

190 

-.18 
-.09 
-.46 


37 


1  C.  p.  Naa  HPO4,  12  HjO  =  19.826  per  cent  P2O5. 
[E.  G.  Runyau,  analyst.  United  States  Department  of  Agriculture. 


Laboratory  .sample 

Do 

Do 

Do 

Do 


1 

19.78 

19.70 

575 

—.08 

2 

1.34 

L35 

520 

—.01 

^ 

19.46 

19.  30 

550 

—.16 

4 

6.00 

5.80 

525 

-.20 

5 

10. 14 

10.12 

550 

-.02 

Laboratory  sample . 

Do 

Do 

Do 

Do 


30.82 
14.10 
16.81 


7 
8 

9  17.29  17.30 
10  15.57  15.55 


30.25 
14.80 
16.90 


57 


+  .70 


510 

450 

450  '  +.09 

425      +.01 

550     — .  02 


[C.  B.  Williams,  analj^st,  Xorth  Carolina  Experiment  Station.] 


Cottonseed  meal  . . 
Fertilizer.s  and  fer- 
tilizing iiiatcrials. 
Do 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do, 
Do 


1 

.08 

.08 

130 

.00  1 

2 

27 

.35 

IGO 

—.02  ' 

3 

1.  32 

1.28 

100 

-.04 

4 

1.50 

1.45 

240 

-.05 

5 

.88 

.79 

215 

—.09 

6 

.65 

.61 

250 

—.04 

7 

.64 

.61 

250 

—.03 

8 

1.27 

1.25 

240 

-.02 

9 

L29 

1.25 

250 

-.04 

10 

4.96 

4.95 

155 

-.Oil 

11 

4.98 

4.92 

180 

—.06 

12 

11.80 

11.80 

120 

.00 

13 

11.58 

11.45 

250 

—.13 

14 

9.77 

9.80 

240 

+.03 

Fertilizers  and  fer- 
tilizing materials 

Do 

Do 

Do 

Do... 

Do 

Do 

Do 

Do 

Do 

Florida  ]>b()S|tbate. 
Acid  i)h()si)liato... 

Do 


15 

10.04 

10.05 

16 

9.54 

9.45 

17 

10.72 

10.65 

18 

6.46 

6.40 

19 

6.55 

0.60 

20 

5.45 

5.50 

21 

6.52 

6.60 

22 

7.47 

7.44 

23 

7.42 

7.48 

24 

17.55 

17.  52 

25 

38.12 

37.84 

26 

15.49 

15.35 

27 

13.  27 

13.15 

220 
26.0 
270 
230 
2.")0 
290 
280 
230 
230 
260 
260 
290 
280 


+.01 
—.09 
+.07 
—.06 
+.05 
+  .05 
+  .08 
+.03 
+  .04 
—.03 
-.28 
—.14 
—.12 
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Table  IV.- 


■  Determinations  of  pTiosphoric  acid  in  various  materials  hy  gravimetric  and 
volumetric  methods — Coiitimied. 


[W.  M.  Allen,  analyst,  North  Carolin 

a  Agricultural  Experiment  Station.] 

d 

^•^ 

o 

^  a 

re 

ns 

tl  =3 

Material. 

1 

1 

® 

e 

.2 

1 

1 

.9 

il 

0  ®.2 

Material. 

o 
<» 

g 

1 

s 

g 

® 
a 

1 

0 

i 

2-rS 

'o 

1 

^ia 

3 

% 

s 

i 

^11 

^ 

^ 

t> 

Q 

^ 

Ci3 

t> 

^ 

« 

Per  ct. 

P.ct. 

cc. 

P.ci. 

Per  ct. 

p.ct. 

cc. 

P.c«. 

Mixed  fertilizer.-.. 

1 

11.58    11.49 

263 

—.09 

Acid  phosphate... 

3 

15.49    15.45 

260 

—.04 

Do 

2 

9.54     9.52 

1 

280 

—.02 

Mixed  fertilizer. . . 

4 

10.72    10.69 

270 

-.03 

[B.  W.  Kilgore,  analyst,  North  Carolina  Experiment  Station. 


Mixed  fertilizer. 
Do 


Do 

Do 

Do 

Do 

Do 

Acid  phosphate 

Insoluble 

Reporter's  sample 
No.li 


1 

9.77 

9.76 

275 

—.01 

2 

9.03 

8.96 

210 

—.07 

3 

10.67 

10.66 

220 

—.01  1 

4 

11.58 

11.60 

275 

+  .02 

5 

9.77 

9.76 

275 

—.01  i 

6 

10.04 

10.01 

275 

-.03    1 

7 

9.54 

9.48 

275 

—.06 

.8 

15.49 

15.42 

275 

—.07 

9 

2.57 

2.60 

230 

+  .03 

10 

19.89 

19.88 

260 

—.01 

Mixed  fertilizer. . 
Acid  phosphate. . 
Mixed  fertilizer. . 

Do 

Do 

Do 

Bone  meal 

Acid  phosphate. . 

Do 

Reporter's  sam- 
ple ]Sro.22 


13  11. 

14  11. 

15  9. 

16  9. 

17  10. 

18  20. 


10.68 
13.21 
11.63 
11.75 
9.38 
9.80 
38  1 10.  30 
53  20.48 
02  15.10 


3.39  ;  3.31 


275 
275 
275 
275 
250 
230 
250 
210 
220 

220 


.04 


-.13 

-.05 


—.05 

+  .08 

—.08 


1  C.  p.  Naa  HPO4, 12  H20=19.826  per  cent  P2O5. 

2  Theory  3.304  per  cent  P2O5. 

RESULTS   ON  A   HIGH-GRADE   FLORIDA   PHOSPHATE. 

A  solution  of  a  high-grade  Florida  phosphate  was  made  by  the  reporter,  a  portion 
of  which  was  sent  to  Mr.  F.  P.  Veitch,  of  the  Maryland  Agricultural  College,  for 
analysis,  and  the  remainder  kept  for  analysis  by  the  reporter  and  Mr.  C.  B.  Williams 
of  the  North  Carolina  Experiment  Station.     Results  as  follows  were  attained: 


Method. 

Veitch. 

Williams.     Kilgore. 

Volumetric                                                                              - 

Per  cent. 
37.38 
37.38 
37.38 
38.44 
38.44 

Per  cent. 
37.  80 
37. 84 

Per  cent. 
37.80 

37.88 

Gravimetric 

38.12 

1,06 

.30 

IV. — Citrate-Soluble,  Insoluble,  and  Soluble  Phosphoric  Acid. 

The  results  for  citrate-soluble  phosphoric  acid  by  the  direct  method  of  Ross  and 
by  the  official  method  of  difference  are  too  few  to  warrant  much  discussion,  and  no 
conclusion  can  be  drawn  from  them.  The  results  for  insoluble  and  soluble  are  also 
few  in  number,  and  amount  to  little  more  than  a  comparison  of  the  volumetric  and 
gravimetric  methods  in  the  determination  of  these  forms  of  phosphoric  acid.  All 
these  results  are  presented  in  Table  V. 
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i  AiiLE  V. — Citrate-sol uhU,  insoluble,  and  soluble  phosphoric  acid,  reporter's  samples. 


Citrate-soluble  phos- 
phoric acid. 

Insoluble    phos-       Soluble    phos- 
phoric acid,              phoric  acid, 
sample  X'o.  3.          sample  X'o.  3. 

« 

Analyst. 

II  it 

i 

1 

'u 

% 

> 

1 

1 

1 

i 

1 

1 

1 

g 
"> 

o 

a 

1 

ill 

E.  G.  Eunyan,  United  States  Department 
of  Agriculture : 
Phosphate   solution    Xo.  1,   10   cc  = 
19.826  Tnilligrams  P.O^  added. 

"NIiTf  d  fpTtilizer  Xo  3 

Mgr.    !  Mgr. 
19.  52     20.  29 

19.  71     20.  35 

Per  ct.    Per  ct. 

:j.  05       3. 18 

3    11           f!    "Jt 

P.  ct.  P.  ct. 

!     : 

p.  ct.  p.  ct.  p.  ct. 

i 
P.  Ct.    P.  Ct. 

1 

^         1 

3  38 

1  sn 

1.33 

> 

T    Qli 

3  40      1   •'>R 

v4-.y^  — 

1.30    ^             7  fi^ 

C.  B.  "V^'illiams,  Xorth  Carolina   Experi- 
ment Station : 
Phosphate  solution  Xo.  1,  10   cc  = 
19.826  millijrrams  P.^Os  added. 

Mgr. 

20.28 

20.14 

Per  ct. 

3.10 

13.58 
3.22 
3.40 

1 

1 

Mixed  fertilizer  ^0.3 

3.08 
3.13 

i 
3.52     1.27 
3.  50     1.  29 

1.25 
1.25 

j              7  47      7.44. 

i-.03    '•*' 
^             7. 42 

7.44I 

7.44| 
7  48^ 

0.00 

1 

r.  B.  Carpenter.  Xorth  Carolina  Experi- 
ment Station:  Mixed  fertilizer  Xo.  3. 





1.28 
1.25 
1.25 

1.22 
1.24 

^-.03    '■'' 

1 



7.60, 
7.58 
7.  61) 
7.60' 

—.10 

i 

"^.  A.  Powers.  Illinois  Experiment  Sta- 
tion: Sample  Xo.  3. 

1  1.20 

1.22 
1.  22 



H.  C.  Sherman  and   F.   B.  Bomberger. 
Maryland  Agricultural  College:  Sam- 
ple Xo.  3. 

H.  E.  Curtis,  Kentucky  Experiment  Sta- 
tion: 

1.51 
1.48 
1.50 

1    Afi 

1.57 
1.55 
1.45 

+.03 

: 

1 

! 

4.26  j     3.59 
17.  86     20.  28 

3  39 

7.64 

10  cc  phosx>hate  solution  Xo.  1 

C.  L.  Hare,  Alabama  Experiment  Station : 

Sample  Xo.  3. 
B.  B.  Ross,  Alabama  Exx»eriment  Station  : 

Sami>le  X'o.  3. 

1 

3.23  1  1-52 

8.13 



i 
3  41       ^  ^7 

3. 20 

1 

i 

1  Contained  impurity. 
WASHING   AND    BURXIXG   THE    MAGNESIUM    AMMONIUM    PHOSPHATE    PRECIPIT.^TE. 


The  reporter  l)e,i,^s  to  again  bring  to  the  attention  of  the  association  the  questions 
of  washing  and  burning  the  ''white  precipitate."  8ome,  in  reply  to  these  questions 
sent  out  by  the  reporter,  state  that  they  wash  with  100  cc  of  wash  solution,  while 
others  use  as  much  as  250  to  300  cc.  All  the  methods  for  determining  phosphoric 
acid  as  magnesium  ammonium  phosphate,  so  far  as  I  am  aware,  require  that  this 
precipitate  shall  be  washed  free  of  chlorids.  We  consider  that  our  method  should 
require  this  also. 

7388— Xo.  47 G 
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As  regards  burning,  some  analysts  state  that  they  have  found  it  impossible  to  get 
white  precii)itates,  even  after  moistening  with  nitric  acid  and  reigniting,  while 
others  report  having  burned  to  whiteness  without  difficulty.  The  reporter  has  never 
had  difficulty  in  burning  to  whiteness,  or  to  a  grayish  white  at  least,  when  the  pre- 
cipitates have  previously  been  washed  free  of  chlorids  and  dried.  First  importance 
should  be  attached  to  getting  a  pure  precipitate,  and  secondly  to  getting  it  into  the 
crucible  in  a  dry,  x>owdery  condition.  When  paper  is  used  for  filtering  and  it  is 
attemjited  to  burn  heavy  precipitates,  collected  in  this  way,  wet,  they  form  a  lump 
or  lumps,  and  it  is  almost  impossible  to  burn  them  white — on  the  inside  at  any  rate. 

MAKING  NEUTRAL   CITRATE   OF   AMMONIA. 

The  reijorter  also  makes  mention  of  the  procedure  which  has  been  followed  in  the 
New  Jersey  Station  for  six  or  more  years,  and  to  which  De  Eoode^  called  attention, 
for  making  neutral  ammonium  citrate. 

IlECOMiAIENDATIONS. 

(1)  That  the  directions  given  in  Bulletin  43  (Chem.  Div.  U.  S.  Dept.  Agr.,  p.  342), 
second  to  last  line  in  last  paragraph  under  "Total  phosphoric  acid,"  for  washing 
and  burning  the  magnesium  ammonium  phosphate  precipitate,  be  made  to  read: 
Filter,  wash  with  2.5  per  cent  NH:^  solution  until  free  of  chlorids,  ignite  to  white- 
ness or  to  a  grayish  white,  and  weigh. 

(2)  That  the  volumetric  method,  as  investigated  this  year,  be  made  an  alternate 
method  for  phosphoric-acid  determination. 

ESTIMATION  OF  PHOSPHOEIG  AOID  IN  SOILS  BY  DOUBLE  PEEOIPITA- 
TION  WITH  MOLYBDIO  SOLUTION  AND  TITEATION  OF  THE  AMMONIUM 
PHOSPHOMOLYBDATE  WITH  STANDARD  ALKALI 

By  C.  B.  Williams. 

The  accurate  estimation  of  the  small  quautities  of  phosphoric  acid  usually  present 
in  the  acid  extract  of  soils  is  a  question  that  has  given  no  small  amount  of  trouble 
in  soil  analysis.  There  seems  to  be  two  main  difficulties :  First,  in  the  precipitation 
with  molybdic  solution  in  the  presence  of  large  quantities  of  iron  and  aluminium 
salts.  Compounds  of  these  latter  elements  are  also  often  precipitated  with  the 
ammonium  phosphomolybdate,  and  are  either  dissolved  by  the  ammonia  wash  or 
remain  in  the  cone  of  the  filter  as  phosphates,  thus  giving  rise  to  high  or  low  results, 
as  the  case  may  be,  unless  special  precautions  are  taken.  In  the  second  place,  very 
small  quantities  of  phosphoric  ackl  are  not  precipitated  readily  by  magnesium 
chlorid  mixture  and  usually  require  loug  standing  to  be  complete,  in  which  case 
the  precipitate  is  very  liable  to  contain  an  excess  of  magnesia,  thus  giving  rise  to  high 
results.  , 

Some  work  in  the  laboratory  of  the  North  Carolina  Experiment  Station  iipou  the 
samples  sent  outl)y  Prof.  A.  M.  Peter,  reporter  on  soils,  indicates  that  these  difficulties 
are  readily  overcome  by  the  following  procedure :  After  the  soil  extracts  have  been 
obtained  as  directed  by  Professor  Peter,  and  care  has  been  taken  to  get  rid  of  all 
organic  matter,  in  the  hydrochloric  acid  extract  as  well  as  in  the  organic  acid 
extracts,  portions  of  the  organic  acid  solutions  coriesponding  to  18  to  20  grams  of 
the  soil  and  to  1  or  more  grams  of  the  hydrochloric  acid  solution  (according  to  the 
amount  of  ];)hosphoric  acid  present)  are  precipitated,  after  adding  about  15  grams 
ammonium  nitrate,  at  40^  with  a  large  excess  of  molybdic  solution  (30  cc  is 
usually  enough),  let  stand  four  hours,  filter,  and  wash  with  water  twice.  Now 
dissolve  the  precipitate  into  the  beaker  used  for  precipitation  with  dilute  ammonia, 
wash  the  filter  with  dilute  nitric  and  add  concentrated  nitric  acid  until  ]3recipi- 
tate  begins  to  reform;  add  10  grams  ammonium  nitrate,  digest  in  water  bath  at 

1  Jour.  Am.  Chem.  Soc,  XVII,  47. 
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65°,  add  2  cc  strong  nitric  acid  with  vigorous  stirring,  let  stand  five  minutes,  add 
2  ec  niolybdic  solution,  let  stand  eight  minutes  more,  and  filter,  wash,  and  titrate 
according  to  volumetric  method  used  in  this  laboratory. ^ 

The  results  presented  in  the  following  table  were  obtained  in  the  course  of  this 
investigation  and  show  very  close  agreement  with  each  other  on  the  same  solutions. 

Volnmetric  dtiermination  of  phosphoric  add  in  soils  by  double  precipitation  with  molybdio 
solution — Jlrst,  at  40^-'  in  irater  bath  icith  30  cc  of  official  molybdic  solution;  second,  at 
65^  in  water  bath  wilh  concentrated  nitric  acid  and  2  cc  of  molybdic  solution — com- 
pared  with  official  yravimetric  method. 


Hydrochloric  acid  solution. 

Citric  acid  solution. 

Oxalic 
acid  solu- 
tion. 

Sample — 

Official 
gravi- 
metric 
method. 

First 
solution. 

Second 
solution. 

First 
solution. 

Second 
solution. 

Second 
solution. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Percent. 

No.l 

0.4505 

0.  4170 

0. 4069 

0. 0282 

0. 0290 

0. 0505 

.4170 

.4069 

.0282 

.0287 

.0505 

.4170 

.4069 

.0282 

.0287 

.0510 

.4170 

.4069 

.0282 

.0287 

.0510 

Xo  2                                                  

17''0 

1826 

1826 

0119 

.0146 
.0146 

0060 

.1775 

.1826 

,0119 

.0060 

.1820 

.1928 

.0119 

.0146 

.0065 

.1826 

.1928 

.0122 

.0152 

.0065 

Xo  3                                                        

3956 

.3767 
.3869 

.3867 
.3867 

.0233 
.0233 

.0255 
.  0255 

.0475 
.0475 

.3869 

.3867 

.0233 

.0255 

.0483 

.3767 

.3818 

.0233 

.0261 

.0483 

.1932 

.3767 
.3818 
.1828 
.1878 
.1928 
.1878 

No.  4 

.1929 
.1929 
.1929 

.1878 

.0157 
.0157 
.0157 
.0162 



.0087 
.0087 

.0087 

.0084 

EEPOET  ON  THE  INYESTiaATIONS  OP  METHODS  FOR  PHOSPHORIC  ACID 
DETERMINATION  POR  THE  A.  0.  A.  0.  POR  1894. 

By  E.  SOLBERG, 

Assistant  chemist  of  the  Chemical  Control  Station  of  Christiania,  Norway. 

For  want  of  time,  we  have  not  carried  out  the  work  in  the  detailed  manner  we  had 
hoped  to  do.     Our  work  falls  into  two  divisions: 

I.  Determination  of  phosphoric  acid  according  to  the  methods  generally  used  by  ua. 

II.  According  to  the  official  methods  of  the  A.  O.  A.  C. 


I. — Description  of  Method — Total  Phosphoric  Acid. 

For  determining  total  phosphoric  acid  in  bone-meal,  fish,  guano,  etc.,  and  super- 
phosphate, 5  grams  of  the  substance  are  boiled  half  an  hour  with  20  cc  1.42  sp.  gr. 
nitric  and  50  cc  1.8  sp.  gr.  sulphuric  acid  in  a  500  cc  liask,  diluted  with  water,  and, 


'See  description  of  volumetric  method  by  reporter  on  phosphoric  acid  in  this 
Bulletin. 
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after  cooling,  made  up  to  the  mark ;  50  cc  of  the  filtrate  is  made  alkaline  with  ammonia, 
then  acid  with  nitric  acid,  precipitated  with  50  cc  molybdic  solution  for  every  0.1 
gram  P2O5  present,  heated  in  water  bath  for  one  hour,  and  allowed  to  stand  twelve 
hours  more,  when  the  filtrate  is  decanted,  the  precipitate  washed  thoroughly  with 
dilute  molybdate  water  (1  to  4),  dissolved  in  warm  dilute  ammonia,  and  the  filter 
washed  out  with  hot  water.  The  ammoniacal  solution  is  neutralized  with  hydro- 
chloric acid,  cooled,  mixed  drop  by  drop,  with  constant  stirring,  with  10  to  20  cc 
magnesia  mixture,  and  after  a  quarter  of  an  hour  one-third  the  volume  of  10  per 
cent  ammonia  is  added.  This  is  allowed  to  stand  two  hours,  is  filtered,  washed  with 
5  per  cent  ammonia  until  the  disappearance  of  the  chlorin  reaction,  dried,  burned  in 
open  crucible  over  a  Buusen  flame,  and  finally,  for  a  quarter  of  an  hour,  iu  covered 
crucible  heated  to  glowing  over  the  blast  lamp. 

WATER-SOLUBLE   PHOSPHORIC   ACID. 

To  20  grams  substance  in  a  liter  flask  is  added  800  cc  water,  and  agitated  every 
fifteen  minutes  during  two  hours ;  it  is  now  made  up  to  the  mark,  and  the  phosphoric 
acid  in  50  cc  of  the  filtrate,  equaling  1  gram  substance,  determined  as  under  total. 

REVERTED    (CITRATE-SOLUBLE)    PHOSPHORIC   ACID. 

The  method  of  Dircks  and  Wernskiold  (Landw.  Versuchst.,  XXXIV)  was  used; 
2.5  grams  substance  are  rubbed  up  with  water,  then  washed  onto  the  filter  with 
about  100  cc  water,  the  residue  sprayed  with  a  part  of  the  measured-ofi'  (below)  citrate 
solution,  and  digested  one  hour  at  35"  to  40°  with  200  cc  of  Petermann's  citrate  solu- 
tion. The  water  and  citrate  extracts  are  made  up  to  250  cc,  and  the  phosphoric 
acid  determined  in  25  to  50  cc,  according  to  the  richness  in  phosphoric  acid.  [This 
would  give  the  available  (water-soluble  and  citrate-soluble)  phosphoric  acid.  The 
reverted  is  doubtless  determined  in  the  citrate  extract  alone,  or  by  difference  as  in 
our  method. — Reporter.] 

Note. — The  German  citrate  method  is  also  used  by  us  in  our  work,  but  for  various 
reasons  it  could  not  be  employed  in  this  investigation. 

Molyhdate  solution. — Three  hundred  and  seventy-five  grams  molybdate  of  ammonia 
are  dissolved  in  2.5  liters  of  water  and  the  solution  poured  into  2.5  liters  of  nitric 
acid  of  sp.  gr.  1.20. 

Magnesia  mixture. — Two  hundred  and  seventy-five  grams  crystallized  chlorid  of 
magnesium  and  350  grams  chlorid  of  ammonium  are  dissolved  in  3,250  cc  of  water 
and  filled  up  to  5  liters  with  ammonia  of  sp.  gr.  0.96. 

Petermann's  solution. — One  kilogram  citric  acid  is  dissolved  in  about  2  liters  of 
water  and  1,350  cc  of  ammonia  of  sp.  gr.  0.925,  and  filled  up  with  water  to  5,750  cc. 
The  solution  then  has  a  sp.  gr.  of  1.09;  300  cc  of  ammonia  of  sp.  gr.  0.925  are  now 
added. 

II.— Determination  of  Phosphoric  Acid  According  to  the  A.  O.  A.  C.  Methods — 
Total  Phosphoric  Acid. 

For  the  solution  of  acid  phosphate  No.  2  and  superphosphate  No.  336,  official 
method  No.  4  was  used;  while  for  castor  pomace  and  cotton-seed  meal  and  fish 
guano,  methods  1  and  3  were  employed.  Method  No.  1  seems  to  have  given  too  low 
results  on  fish  guano. 
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Total  and  u-ater-soJuhle  jjhosjjhoric  acid  in  repoi-fers  and  other  samples  as  determined 
hy  different  methods,  bt/  E.  Solberr/,  of  the  Christiania  Chemical  Control  Station  of 
Xoricay. 


Total  phosphoric  acid. 


"Water-soluble  phos- 
phoric acid. 


I.  Method 

tised  at  the 

Christiania 

Station. 


II.  Official  method  of  the  A.  O.  A.  C. 


(l)Mg 


(i)  HXO3 
and  nCl. 


(3)  H2SO4. 


I.  Method 
as  used  at 
the  Christi- 
ania Station. 


II.  Official 

method 

of  the 

A.O.A.C. 


P.et. 
2.56 


P.ct. 
2.59 


P.ct.    P.ct. 


P.ct. 
2.53 


P.et. 
2.56 


P.et.    P.ct. 


17.38 


12.08    12.07 


P.ct. 
0.71 
12.13 


14.21 


P.ct. 

0.74 
12.19 


No.  1.  Castor  i>omace  and  ,  P.  ct.  I  P.  ct. 

cotton-seed  meal 2.61  |  2.65 

Xo.  2.  Acid  phosphate. ..  17.  40   17.41    ! !17.41 

^'o.3.  Phosphate  solution  20.  65   20.67   20.62  :20.62  ! j 

No.  336.  Superphosphate  11. 85   11.  84 jll.  84  jll.  84    10. 03   10. 08     9. 92       9.  94 

No.  375.  Fish  guano 14.2114.18   14.04  14.08: \ jl4.23 


Citrate- 


dnhle  and  insoluble  phosphoric  acid  as  determined  by  different  methods,  by 
E.  Solbery. 


Citrate-soluhle  phosi>horic  acid. 


:.  Dircks 
nd  Wem- 
skiold's 
method. 


II.  Official 
method. 


Dircks 

and  Kosss 

method. 


No.  1 .  Castor  pomace  and    P.  ct.   P.  ct.   P.  ct.  P.  ct.  •  P.  ct.  |  P.  ct. 

cotton-seed  meal 1.64  1.64     1.60     1.61 

No.  2.  Acid  phosphate...    1.31     1.32     1.78  1.80     1.79     1.84 

No.  336.  Superphosphate  I  1.24  i  1.26     1.53  1.  52  ,  LSI  |  1.54 


Insoluble  phosphoric 
acid. 


Heporters    H.  Official 
metliod  for  |     ignition 
insoluble.   1     method. 


II.  Report- 
er's modifi- 
cation of 
direct  solu- 
tion in 
HNOj  and 
HCl. 


Bemarls  of  E.  Solherg. — In  boilinj^  the  tTvo  .superplicspLate  samples  with  suli:)huric 
acid,  very  strong  spattering  occurred  and  the  reaction  did  not  proceed  smoothly, 
hut  if  hoiled  a  little  hefore  adding  the  sulphuric  acid  the  spattering  ^vas  entirely 
avoided.  We  always  \rash  the  magnesium  ammonium  phosj^hate  precipitate  com- 
pletely free  of  chlorids,  which  u.sually  requires  150  to  200  cc  ammonia  wash.  [He 
uses  5  per  cent  ammonia. — Ekporter.] 

Dr.  F.  D.  JVernskiold,  director  of  the  Chemical  Control  Station  of  Xorway,  in  a 
letter  to  the  reporter,  after  expressing  regret  at  not  heing  able,  owing  to  the  jjressure 
of  other  duties,  to  carry  out  the  comparative  work  in  the  comprehensive  manner  at 
first  intended,  makes  the  following  remarks  on  the  American  methods: 

Permit  me  to  make  some  remarks  concerning  the  American  methods,  if  I  may  do 
so  without  giving  offense. 

In  my  opinion,  for  Norwegian,  iSwedish,  Danish,  and  German  conditions,  the 
American  methods  in  question  for  the  determination  of  ])hos]>horic  acid  are — not- 
withstanding their  analytical  exactness — quite  inai»plica]>le.  With  us.  many,  in  part, 
X)Oorly  pulverized  and  ])adly  mixed  manures,  such  as  ammonium  sui)erj)lntsphate, 
potassium  sup<'r]»hos]»hate.  and  potash-ammonio  superphosphate,  are  employed,  and 
these  can  not  usually  be  so  well  pulverized  and  mixed  that  one  can  take  out  a  true 
sample  of  2  or  2. .5  grams  for  analysis  for  the  greatest  exactness  and  conscieiitiousuess; 
and  care  in  the  analysis  is  useless  when  the  material  employed  does  not  represent 
the  average  condition  of  the  materials  used  in  the  mixtures.  We  therefore  use  for 
the  preparation  of  tlie  solutions  to  l»e  examined,  only  very  unwillingly.  Itss  than  10 
or  20  grams  and  almost  never  less  than  ~j  grams  of  substance,  unless  we  are  obliged 
to — as,  for  instance,  in  the  determination  of  nitrogen  and  reverted  phosphoric  acid. 
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[The  foregoing  report  was  mailed  to  me  first  on  July  14,  1894,  but  OAviug  to  incor- 
rect address  it  was  returned  to  Christiania  and  remailed.  For  this  reason  it  did  not 
reach  me  in  time  to  he  included  in  my  report  to  the  association  in  1894. — Eeporter.] 

GOSS   METHOD   FOR   TOTAL  ACID-SOLUBLE   PHOSPHORIC   ACID. 

In  the  case  of  ordinary  soils,  weigh  out  10  grams  of  the  sifted  air-dried  sample, 
transfer  to  a  pear-shaped  straight-necked  Bohemian  glass  digesting  flask  which  has 
been  marked  to  hold  250  cc,  and  add  approximately  seven-tenths  gram  of  yellow 
oxid  of  mercury  and  20  to  30  cc  of  concentrated  sulphuric  acid,  as  for  the  determi- 
nation of  nitrogen.  Twenty  cc  of  acid  are  usually  sufficient,  hut  in  the  case  of  very 
finely  divided  clay  soils  containing  little  or  no  sand  it  is  necessary  to  use  30  cc  to 
prevent  caking  of  contents  of  flask.  In  doubtful  cases  20  cc  of  acid  should  first 
be  added,  and  at  the  end  of  five  or  ten  minutes,  if  contents  show  a  tendency  to  cake, 
10  cc  more  should  be  introduced.  Thoroughly  mix  contents  of  flask  by  shaking, 
place  on  a  suitable  support  over  a  burner,  boil  for  one  hour,  cool  (cold  water  can  not 
safely  be  used),  add  about  100  cc  of  water,  5  cc  of  concentrated  hydrochloric  acid, 
and  2  cc  of  concentrated  nitric  acid,  heat  to  boiling  to  oxidize  iron,  cool  (cold  water 
can  safely  be  used),  make  up  to  volume,  and  filter  through  a  dry  folded  paper  until  per- 
fectly clear.  In  order  to  secure  a  clear  filtrate,  it  will  usually  be  found  necessary 
to  pour  the  first  portion  of  the  filtrate  back  through  the  paper  three  or  four  times. 
Transfer  100  cc  of  the  filtrate  to  an  ordinary  flask  of  about  450  cc  capacity,  add 
strong  ammonia  until  a  permanent  pxecipitate  forms,  then  6  or  8  cc  of  nitric  acid 
to  dissolve  the  precipitate,  and  boil  until  clear.  Cool  the  solution  to  85'^,  add  75 
cc  of  recently  prepared  molybdate  solution,  place  the  unstoppered  flask,  for  fifteen 
minutes,  in  an  open  water  bath  Icept  at  80'^,  shake  flask  vigorously  four  or  five 
times  while  in  the  bath,  then  remove  and  let  stand  ten  minutes  to  allow  the  precipi- 
tate to  settle.  Filter  through  a  9  cm.  No.  589  S.  and  S.  filter,  avoiding  too  strong 
pressure  at  first;  wash  the  flask  and  precipitate  thoroughly  with  10  per  cent  ammo- 
nium nitrate  solution  acidified  with  nitric  acid;  place  the  flask  in  which  the  precip- 
itation was  made  uuder  the  funnel,  shut  oif  pump  aud  close  all  valves  to  filtering  jar 
to  form  an  air  cushion  and  prevent  too  rapid  filtration ;  fill  jjaper  one-half  full  of  hot 
water,  add  a  few  cubic  centimeters  of  strong  ammonia,  and  aid  solution  if  necessary 
by  stirring  the  precipitate  with  a  small  glass  rod.  As  soon  as  the  yellow  precipitate 
is  dissolved,  open  valve  to  filtering  jar,  but  do  not  turn  on  the  pump;  after  the  solu- 
tion has  all  passed  through,  rinse  paper  once  with  a  small  amount  of  hot  water; 
after  the  last  portion  has  passed  through,  remove  flask  and  place  a  small  lipped 
beaker  under  the  funnel,  heat  solution  in  flask  to  boiling,  and  again  pour  through 
the  paper,  avoiding  the  use  of  the  pump  at  first,  as  otherwise  loss  from  spattering  is 
likely  to  ensue.  It  is  a  good  plan  to  have  the  beaker  covered  with  a  perforated 
watch  glass,  through  which  the  funnel  passes.  Finally,  wash  out  the  flask  and  paper 
with  a  small  amount  of  hot  water  (the  total  filtrate  should  not  exceed  50  cc). 

As  has  been  pointed  out  by  Hilgard,  aluminum  is  sometimes  carried  down  with  the 
phosphoric  acid  from  soil  solution  upon  precipitating  with  molybdate  solution,  in 
which  case  some  of  the  phosphoric  acid  will  not  be  dissolved  iu  the  treatment  with 
ammonia.  This  will  be  indicated,  first,  by  the  appearance  of  a  white  precipitate 
upon  dissolving  the  yellow  precipitate  in  ammonia,  and,  second,  by  the  difficulty 
experienced  afterwards  in  washing.  If  such  a  precipitate  be  present  in  any  appre- 
ciable quantity,  proceed  as  follows:  After  washing  out  all  the  ammoniacal  solution 
as  directed  above,  place  a  small  beaker  under  the  funnel,  close  all  valves,  fill  the 
filter  one-third  full  of  hot  water,  add  the  same  amount  of  concentrated  hydrochloric 
acid,  proceed  as  if  dissolving  phosphomolybdate  in  ammonia,  receiving  final  solu- 
tion and  washing  in  the  flask  previously  used;  dilute  with  water  to  about  100  cc, 
add  20  cc  of  75  per  cent  ammonium  nitrate  solution,  neutralize  Avitli  ammonia,  clear 
up  solution  with  nitric  acid,  precijiitate  witb.  50  cc  of  molybdate  solution  in  exactly 
the  same  manner  as  before,  iilter  ofi^  precipitate,  wash,  dissolve  in  ammonia,  and. add 
to  first  portion. 
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To  the  -^arm  ainmoniacal  solution  in  the  beaker  add  hydrochh)ric  acid  until  the 
yellow  color  appears,  then  add  a  few  drops  of  ammonia  until  the  solution  clears; 
cool,  add  5  cc  of  filtered  ma<jnesia  mixture  from  a  burette,  drop  at  a  time,  with 
constant  stirring:  let  stand  fifteen  minutes,  add  20  cc  of  stron<^  ammonia,  sp.  gr.  0.9, 
allow  to  stand  over  night,  filter,  wash  precipitate  with  dilute  ammonia,  dry,  ignite 
intensely  over  blast  lamp  for  ten  minutes,  cool  in  a  desiccator,  and  weigh  the  Mgj  P2O7 
secured. 

The  reagents  used,  which  have  not  already  been  descrilied,  are  the  same  as  used 
in  the  ofiticial  fertilizer  work. 

For  a  detailed  discussion  of  this  method  see  A.  O.  A.  C.  report  for  1894,  page  oS. 

Xo  farther  papers  being  presented,  tlie  discussion  of  the  report  was 
declared  to  be  iu  order. 

Mr.  HuSTOX.  I  would  like  to  suggest  to  the  reporter  that  as  complete 
an  analysis  of  sauijile  Xo.  3  as  is  iDracticable  be  given  in  the  report. 
TeTY  often  I  find,  iu  looking  back  over  our  old  reports,  that  when  we 
want  to  figure  some  on  them  we  are  met  with  the  difficulty  that  there 
is  no  complete  analysis,  nor  are  the  soluble,  the  reverted,  and  the  insol- 
uble phosphoric  acid  always  given  in  discussing  some  of  the  samples. 
I  think  it  would  be  well  to  have  a  comj^lete  statement  of  the  composi- 
tion of  these  products,  because  sometimes  we  want  to  go  further  than 
the  reporter,  and  it  takes  but  a  few  minutes  to  insert  the  figures. 

Mr.  Kilgore  stated  that  he  had  all  of  the  results  in  his  report,  and  that 
he  gave  the  soluble,  citrate-soluble,  and  insoluble  phosphoric  acid  in 
tlie  table  by  the  method  of  lioss.  He  said  there  were  Yerj  few  results, 
and  he  combined  them  in  one  table.  Onh'  four  or  five  men  gave  results 
on  soluble  or  reverted  X)hosphoric  acid. 

Mr.  Huston  stated  that  the  greatest  variation  seemed  to  be  in  the 
Florida  phosphate,  and  he  thought  as  comidete  information  as  might 
be  had  should  be  given  concerning  its  composition;  the  iron,  alumina, 
etc.,  he  thought  would  at  some  time  become  of  considerable  interest. 
By  giving  as  many  figures  as  could  be  obtained,  they  might  be  of  con- 
siderable help  to  some  one  who  might  con.sider  the  matter  later  on. 

Mt.  Kilgore  said  he  took  the  matter  up  at  the  last  meeting.  He  had 
obtained  something  like  83  per  cent  phosphate  of  lime  in  a  sample  col- 
lected by  himself,  and  which  he  knew  to  be  high  grade. 

Mr.  Wheeler  called  attention  to  the  fact  that  criticisms  had  been 
made  by  official  chemists  and  others  in  regard  to  the  variations  iu 
results  on  phosphoric  acid.  In  some  cases  the  insoluble  and  soluble 
would  decrease  and  the  reverted  would  increase;  in  others  the  soluble 
would  increase  and  the  reverted  would  decrease  without  any  particular 
change  in  the  insoluble.  He  thought  it  might  be  well  to  specify  that 
tlu^  insoluble  acid  should  be  determined  on  one  day  by  all  the  chemists 
taking  part  in  the  work,  so  that  changes  in  the  reverted  acid  would  be 
exactly  alike. 

-Mr.  Huston  said  it  was  formerly  the  custom  to  make  determinations 
on  the  same  day,  but  attention  has  been  diverted  by  the  determinations, 
and  the  details  lost  sight  of. 

Mr.  Ross.  I  would  like  to  sav  a  few  words  in  regard  to  the  citrate- 
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soluble  matter.  Last  year  a  comparison  of  the  results  by  the  citrate 
method  was  made  with  the  results  by  difference.  It  was  stated  at  that 
time  that  in  the  washing  process  of  the  citrate  method  a  considerable 
amount,  or  at  least  an  appreciable  amount,  of  i)h()SiDhoric  acid  was 
always  washed  out  by  the  wash  water  after  filtration.  This  year  we 
decided  it  would  be  best  to  send  out  a  sample  of  chemically  i^ure  phos- 
phate and  try  this  method,  and  also  to  take  a  portion  of  the  filtrate, 
evaporate  it,  treat  it  with  magnesium  nitrate,  and  ignite,  so  as  to  com- 
pare the  results  obtained  with  the  phosphoric  acid  actually  known  to 
be  present.  Compare  these  results  on  this  basis,  and  it  seems  some 
results  are  not  very  bad.  With  the  mixed  fertilizer  '^o.  3,  the  results 
by  one  analyst  by  the  citrate  method  were  3.5  and  3.11;  by  igniting 
with  magnesium  nitrate,  3.19,  3.35.  The  next  set  of  results  by  the 
method  that  I  recommended,  3.10,  3.22, 3.40, 3.58 ;  by  magnesium  nitrate, 
3.08,  3.18.  At  the  same  time  the  results  by  difference  are  3.52,  3.50. 
In  our  own  laboratory  some  results  obtained  direct  by  citrate  soluble 
were  3.39,  3.43;  magnesium  nitrate,  3.45,  3.49;  citrate- soluble  by  differ- 
ence, 3.26.  Kow,  these  are  all  the  results  that  have  been  given.  I  con- 
sider the  variation  in  the  results  obtained  by  the  method  which  bears 
my  name  small  as  compared  with  those  obtained  by  the  magnesium 
nitrate  method. 

Mr.  Eoss  then  gave  some  figures  obtainsd  in  the  examination  of  a 
sample  of  chemically  pure  iDhosphate,  and  concluded  by  saying  that  on 
the  basis  of  a  comparison  with  the  phosphoric  acid  actually  known  to 
be  present  he  thought  there  were  no  great  discrej) ancles. 

Mr.  Kilgore  said  that  he  did  not  make  an  official  report  on  the  Eoss 
method ;  he  merely  commented  on  the  fact  that  the  results  were  too  few 
to  report. 

Mr.  Huston.  I  have  been  considerably  interested  in  the  report  on 
phosphoric  acid,  and  I  note  one  expression  recurring  in  regard  to  chem- 
ically pure  phosphate.  We  are  investigating  all  raw  materials  used  in 
the  manufacture  of  fertilizers  in  m}^  laboratory  on  a  pretty  elaborate 
scale,  and  it  is  unnecessary  to  say  that  we  have  not  got  very  far  yet. 
I  wish  it  were  possible  to  utilize  some  volumetric  method,  as  it  would 
be  an  important  matter  with  us  in  making  so  many  determinations. 
My  assistant  and  myself  decided  that  if  we  could  check  a  volumetric 
method  against  a  chemically  pure  phosphate  it  would  be  of  value.  We 
started  for  the  chemically  pure  phosphate.  We  have  not  found  it  yet, 
although  we  went  over  the  whole  list.  PhosiDhate  of  soda  we  found  to 
be  condemned  in  all  sorts  of  terms  as  being  largely  contaminated  with 
carbonic  acid,  lime,  water  of  crystallization,  and  as  generally  unreli- 
able. Then  we  abandoned  phosphate  of  soda  and  went  through  the 
whole  list  of  phosphates.  The  only  two  which  seemed  to  promise  any- 
thing at  all  were  phosphate  of  silver  and  i:)hosphate  of  zinc.  The  zinc 
salt  was  absolutely  nothing  at  all.  It  was  neither  one  salt  nor  the 
other,  nor  a  definite  mixture  of  two.    We  have  not  been  able  to  get 
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a  noriual  pliospliate  of  silver.  We  are  still  lioping  that  tlie  next  sam- 
ple will  be  better,  but  so  far  we  have  not  succeeded  in  finding  a  chem 
icallj'  piu-e  phosjihate.  In  the  grou])  of  pyroj^hosphates  we  were  met 
at  the  outset  with  the  same  trouble.'  In  regard  to  the  precipitation 
of  molybdic  acid  in  connection  with  the  3'ellow  precipitate,  it  may  be 
that  we  will  find  a  x)romising  sokition  in  a  sulphuric-acid  solution  of 
molybdic  acid — that  is,  molybdic  solution  made  up  with  sulphuric  acid. 
The  only  acid  present,  then,  is  sulphuric.  The  process  works  very  well 
so  far  as  I  can  see,  and  gives  good  results  as  compared  with  the  other 
methods.  The  molybdic  solution  prepared  with  sulphuric  acid  is 
extremely  i)ermanent.  We  have  some  which  has  been  made  up  for 
two  years,  and  which  shows  no  trace  of  a  residue  on  treatment  with 
nitric  acid. 

The  work  which  j.  simply  want  to  out'ine  briefly,  not  to  present  in  the 
form  of  a  paper,  consists  in  taking  the  raw  materials  of  the  fertilizer 
trade  and  determining  the  action  of  ammonium  citrate  upon  them :  First, 
the  time  element:  second,  the  temperature  element;  third,  the  quantity 
element:  fourth,  acid,  and  fifth,  alkaline  citrate.  The  quantity  element 
is  quite  an  important  one  in  a  great  deal  of  work,  particularly  with 
calcium  salts.  [Mr.  Huston  here  exhibited  a  chart  showing  the  results 
of  some  work  done  in  liis  laboratory,  and  illustrating  the  importance  of 
the  time, ^temperature,  quantity,  acid,  and  alkali  elements.] 

Mr.  Wheeler.  Have  you  tried  this  on  iron  and  alumina  ])hosphates? 

Mr.  HusTOX.  Yes. 

Mr.  Wheeler.  In  worRing  with  these  materials,  do  you  reduce  them 
all  to  a  uniform  state  of  fineness  ? 

Mr.  Huston.  Yes:  we  tr}^  to.  We  can  get  the  same  state  of  fineness 
that  we  get  with  calcium  phosphates.  Steamed  bone  is  giving  us  a 
good  deal  of  trouble.  It  is  difficult  to  get  consistent  results  with  this 
material.  We  are  now  working  with  a  machine,  and  it  does  better  work. 
I  want  the  members  of  the  association  to  know  what  the  results  of  this 
work  are.  and  will  be  glad  to  explain  at  any  time. 

Mr.  WiNTO]N\  Are  you  working  with  any  other  solution  than  ammo- 
nium citrate  ? 

Mr.  Huston.  We  nave  not,  so  far. 

Mr.  Persons.  Would  it  not  be  in  order  now  to  say  something  in 
regard  to  the  estimation  of  iron  and  alumina  in  natural  phosphates! 
In  our  laboratory  in  Florida  we  have  always  found  a  great  deal  of 
trouble  in  getting  a  satisfactory  method  for  the  estimation  of  iron  and 
alumina;  the  method  we  have  considered  most  satisfactory  there  has 
been  the  removal  of  the  molybdenum  from  the  filtrate  from  the  phos- 
phomolybdate  precipitate  by  hydrogen  sulphid.  I  prefer  it  to  the  ( ilaser 
method.  The  great  trouble  with  the  precipitation  of  the  molybdenum 
is  getting  rid  of  it  before  precipitating  the  iron  and  alumina.  In  order 
to  do  this,  the  solution  from  the  phos])homolybdate  has  to  be  diluted  to 
a  larger  volume,  and  then  the  hydrogen  sulphid  gas  passed  through.     I 
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suppose  something  like  a  liter  is  necessary  for  precipitation.  Under 
these  circumstances,  it  always  takes  us  at  least  a  day  to  get  all  the 
molybdenum  precipitated  out,  and  then  we  have  to  evaporate  the  filtrate 
to  a  small  volume  before  precipitating  the  iron  and  alumina.  I  have 
been  working  to  find  some  method  that  would  effect  this  result  with 
more  rapidity.  I  believe  I  am  on  the  track  of  one  now  that  will  solve 
the  i)roblem.  I  don't  claim  it  is  perfect,  having  given  it  only  a  few 
weeks'  examination.  I  have  obtained  some  good  results  with  it,  though 
since  I  left  Florida  my  assistant  has  written  me  that  his  results  have 
not  been  so  favorable.  The  scheme  that  we  have  in  view  there  is  based 
upon  the  removal  of  the  molybdenum  with  nascent  hydrogen  sulphid, 
and  it  is  done  without  diluting  the  filtrate  from  the  phosphomolybdate 
precipitate  to  any  large  volume.  The  plan  we  are  following  and  hope 
to  work  out  is,  we  take  this  phosphomolybdate  precipitate  or  filtrate 
and  first  neutralize  it  with  ammonia.  To  this  solution  we  add  ammo- 
nium poly  sulphid.  This  precipitates  the  iron  as  sulphid  and  leaves  the 
alumina  as  hydroxid.  We  add  to  this  filtrate  hydrochloric  acid  to 
effect  the  solution  of  the  iron  and  alumina,  convert  the  iron  into  chlorid, 
and  thus  liberate  hydrogen  sulphid.  I  found  I  got  almost  perfect  pre- 
cipitates inside  of  five  minutes.  After  precipitating  the  molybdenum 
and  bringing  the  iron  and  alumina  back  into  solution  as  chlorids,  we 
filter,  leaving  the  molybdenum  on  the  filter  paper,  and  the  iron  and 
alumina  in  solution.  Wash  the  precipitate  thoroughly  with  hydrogen 
sulphid,  add  the  solution  containing  iron  and  alumina,  and  precipitate 
with  ammonia  to  get  a  precipitate  of  iron  and  alumina.  Possibly  a 
little  iron  may  go  down  with  the  molybdenum.  I  think  by  redissolving 
with  hydrochloric  acid,  and  reprecipitating,  that  can  be  removed,  and  I 
believe  if  the  association  w^ould  work  along  this  line  we  could  get  a 
method  more  rapid  and  more  accurate  than  the  methods  we  are  now 
accustomed  to  use.  The  question  of  the  determination  of  iron  and 
alumina  is  equally  imi^ortant  with  j)hosphoric  acid,  so  far  as  getting 
accurate  results.  If  we  can  get  out  a  method  along  these  lines,  1  believe 
it  will  be  of  service  to  the  association. 

Mr.  Huston.  There  is  no  question  about  the  desirability  of  determin- 
ing iron  and  alumina  in  phosphates.  I  have  been  running  down  a  few 
methods  this  year  and  no  two  of  them  are  alike  in  my  hands,  and  my 
results  range  from  6  per  cent  to  1G.5  per  cent.  I  think  the  Girard  tin 
method  is  really  the  best  one  I  have  tried.  The  results  were  constant 
and  the  precipitate  ai)i)eared  to  be  pure.  The  question  has  come  before 
the  association,  but  very  few  have  w^orked  upon  it.  Samples  have  not 
been  distributed  for  the  determination  of  iron  and  alumina,  except  one 
in  1891.  There  is  no  question  in  regard  to  the  importance  of  the  mat- 
ter, especially  to  those  who  have  to  deal  with  natural  phosphates.  I 
am  inclined  to  believe  the  question  of  the  determination  of  iron  and 
alumina  will  assume  greater  importance  in  the  future. 

Mr.  Persons.  I  neglected  to  say  that  before  precipitating  the  iron 
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and  alumina  in  the  last  sta^e  yon  have  to  boil  and  expel  the  hydrogen 
siilphid  before  adding  ammonia. 

Mr.  Husto:n^.  There  is  an  electroh^tic  method  of  getting  it  out. 
Simply  take  molybdic  acid,  put  in  a  idatinuin  dish,  and  run  an  electric 
current  through  it.  It  is  a  good  idea  to  evaporate  the  whole  then  to 
dryness  in  the  first  place  to  get  rid  of  a  good  deal  of  ammonium  nitrate 
in  that  sort  of  material. 

Mr.  BiGELOW.  It  appears  to  me  that  thioacetic  acid  might  work  very 
^vell  for  removing  the  molybdenum.  I  saw  some  experiments  last  week, 
by  Dr.  T.  H.  Xorton,  at  the  Springfield  meeting  of  the  American  Asso- 
ciation for  the  Advancement  of  Science.  He  Avas  giving  a  number  of 
experiments  before  the  association  which  had  been  outlined  by  Schilf 
and  Tarugi.  It  is  well  known  that  thioacetic  acid  was  originally  sug- 
gested to  replace  hydrogen  sulphid  in  the  laboratory  primarily  on  account 
of  the  unpleasant  odor  wliich  we  associate  with  hydrogen  sulphid.  I 
was  disai)pointed  to  find,  however,  that  the  odor  of  thioacetic  acid  is 
certainly  as  objectionable,  and  by  many  is  considered  more  objectiona- 
ble, than  that  of  hydrogen  sulphid. 

Mr.  Dayid.sox.  Four  years  ago  the  subject  was  talked  of  a  good  deal, 
and  Mr.  Wilkinson  suggested  to  the  association  a  method  of  removing 
iron  and  alumina  without  precii^itating  molybdenum  at  all.  Favorable 
results  were  obtained  by  precipitating  the  solution  in  the  cold,  allowing 
it  to  stand  for  several  hours,  and  treating  with  hydrocliloric  acid. 

Mr.  KiLGOKE.  I  would  like  to  again  refer  to  the  insoluble  and  citrate- 
soluble  method  of  Eoss.  We  have  found  this  year  that  after  treating 
the  insoluble  residue  with  the  citrate  solution  it  continued  to  dissolve 
or  wash  through  the  filter.  I  should  like  to  have  Mr.  lioss  modify  his 
method  so  it  would  give  good  results. 

Mr.  Eoss.  I  would  like  to  modify  it  so  that  others  could  get  as  good 
results  as  I  do. 

]\Ir.  Wheeler.  I  understand  that  some  members  of  the  association 
wash  after  treating  with  ammonium  citrate  on  filter  paper,  and  others 
use  a  Gooch  crucible.  Some  wash  with  suction,  others  without.  Owing 
to  the  difficulty  that  chemists  of  the  association  have  in  making  their 
results  check  with  commercial  chemists.  I  am  of  the  opinion  that  allow- 
ing the  filtration  to  go  on  so  slowly  is  possibly  in  order  that  the  opera- 
tion may  be  continued  as  long  as  possible.  Commercial  chemists  try 
in  every  possible  way  to  get  around  the  directions  of  our  association, 
so  as  to  get  as  much  of  available  acid  as  possible. 

Mr.  HuSTOX.  I  have  the  same  difficulty:  but  allowing  it  to  remain 
doesn't  make  high  available,  but  high  insoluble.  It  depends  upon 
what  the  material  is. 

Mr.  Eoss  here  exhibited  to  the  members  of  the  association  a  mechan- 
ical stirrer.  He  said  that  where  a  large  amount  of  phosphoric  acid 
work  was  done  it  was  necessary  to  employ  some  more  expeditious  and 
less  tedious  method  of  stirring  than  by  the  hand. 
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Mr.  Huston  remarked  that  the  question  of  stirrers  was  an  important 
one  in  his  work. 

Mr.  Huston.  I  would  like  to  suspend  any  further  discussion  now  to 
get  the  reports  of  some  of  the  committees  before  the  association.  I 
would  like  to  get  the  recommendations  of  the  reporters  in  order  that 
the  committees  may  have  opj)ortunity  to  work  on  them. 

Mr.  KiLGORE.  With  reference  to  the  sodium  phosi)hate  I  sent  out,  I 
considered,  from  all  the  evidence  that  I  could  get,  that  it  was  a  chem- 
ically pure  phosphate.  It  had  been  carefully  preserved,  and  in  api^ear- 
ance  the  crystallization  was  perfect.  I  analyzed  it  very  carefully  by  the 
volumetric  method,  and  the  results  corresponded  with  the  theoretical 
percentages,  dissolving  the  precii^itate  and  reprecipitating  in  alcohol 
to  get  rid  of  the  excess  of  magnesia,  and  these  results  agreed  with 
others.     This  work  was  done  by  three  men. 

Mr.  Huston  then  asked  Mr.  Kilgore  to  read  the  recommendations  of 
the  reporter  on  phosphoric  acid. 

Mr.  Kilgore  asked  for  a  little  time. 

Mr.  KiLGrORE.  I  merely  make  a  suggestion  in  regard  to  the  neutral- 
ization of  the  citrate  by  dissolving  in  ammonia  and  allowing  to  stand 
until  it  becomes  neutral,  which  requires  about  half  a  day,  or  hj  allow- 
ing it  to  stand  over  night.  We  would  like  to  use  the  volumetric  method 
in  our  laboratory.  We  are  perfectly  satisfied  with  it.  We  have  been 
using  it  a  good  deal.  The  results  have  been  checked  against  the  gravi- 
metric method,  and  we  have  gotten  better  results  with  the  volumetric. 
They  are  slightly  lower  and  more  concordant.  I  consider  the  method 
perfectly  safe.  At  the  same  time  I  recognize  that  not  many  chemises 
have  been  working  on  it,  only  about  three  or  four  stations  exercising 
fertilizer  control.  I  will  say  that  it  gave  the  best  set  of  results,  even  if 
it  is  the  first  time  the  method  has  been  used,  that  I  have  ever  seen  given 
before  the  association.  I  don't  like  to  be  premature  or  se3  a  method 
put  in  among  the  official  methods  and  then  thrown  out.  I  recommend 
that  it  be  made  a  ])rovisional  method  used  for  checking. 

Mr.  Huston.  We  have  next  in  order  tlie  report  of  the  abstract  com- 
mittee.    Perhaps  we  can  take  that  up  before  dinner. 

Mr.  Freab.  In  accordance  with  the  instructions  of  the  association  at 
the  last  meeting,  I  conferred  with  the  Assistant  Secretary  of  Agricul- 
ture and  Professor  True,  director  of  the  Office  of  Experiment  Stations, 
and  made  an  arrangement  by  which  the  abstracts  could  be  published 
promi^tly  in  the  Experiment  Station  Eecord.  There  had  been  some 
delay  in  the  matter,  but  it  was  finally  settled,  and  a  circular  letter  was 
sent  to  the  members  of  the  committee.  After  a  very  considerable  delay, 
unanimous  consent  had  been  received  to  the  plan  proposed. 

The  next  step  was  to  secure  cooperation,  and  this  I  found  difficult. 
I  finally,  however,  succeeded  in  securing  the  pledge  of  some  half  dozen 
upon  specific  work.  Some  of  them  have,  in  accordance  with  the  arrange- 
ment, reported  material  promptly  to  the  director  of  the  Office  of  Experi- 
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ment  Stations,  and  these  abstracts  have  apj)eared.  I  must  confess  that 
your  cliairman  has  found  it  utterly  impossible  to  give  proper  attention 
to  this  work,  owing  to  a  press  of  private  matters.  There  are  some 
difficulties  in  this  work.  It  seems  almost  impossible  to  secure  cooper- 
ation. These  difficulties,  hoAvever,  might  be  overcome  by  the  labors  of 
someone  better  able  to  give  attention  to  the  matter  than  I  am. 

Mr.  Huston.  Mr.  Stone  wished  me  to  report  that  his  work  on  abstracts 
is  ready  for  the  typewriter. 

The  president  then  called  for  any  discussion  u])on  the  rei)ort  of  the 
abstract  committee. 

Mr.  Wiley.  Before  the  adjournment  to-day,  I  would  say  that  quite 
a  number  of  the  members  of  the  association  have  asked  to  have  a  time 
set  when  they  could  visit  our  little  vegetation  house  on  the  Department 
grounds.  I  don't  know  any  way  to  accomplish  this  but  to  take  time 
which  belongs  to  the  association.  I  will  be  pleased  to  meet  any  gen- 
tlemen who  wish  to  see  the  experiments  at  4  p.  m.  this  afternoon  and 
show  what  we  have  there. 

After  some  discussion  by  the  various  members,  it  was  finally  decided 
to  visit  the  vegetation  house  at  12.30  o'clock. 

The  meeting  was  then  adjourned  until  2  o'clock. 

FRIDAY— AFTERNOON  SESSION. 

The  meeting  was  called  to  order  at  2  ]}.  m.,  with  the  president  in  the 
chair.  The  recommendations  of  the  reporter  on  soils  was  the  first 
business  taken  up. 

Mr.  Peter.  The  first  recommendation  relates  to  the  separation  of 
gravel  from  the  fine  earth.  In  the  preparation  of  soil  it  should  be  sifted 
first  through  a  sieve  of  2  mm,  mesh,  and  a  portion  of  the  sifted  soil 
taken  and  made  to  pass  through  a  half  mm.  sieve,  rejecting  all  gravel 
which  will  not  pass  through  the  sieve. 

The  President.  The  recommendation  goes  to  the  committee.  Do 
you  specify  a  round  or  square  mesh  ? 

Mr.  Peter.  Round.  The  second  recommendation  is  that  the  Goss 
method  for  phosphoric  acid  be  adoi)ted  as  an  alternate  method.  I  am 
satisfied  that  the  digestion  with  hydrochloric  acid  for  ten  hours  does 
not  extract  all  the  phosphoric  acid  that  is  really  soluble  in  strong  acids. 
This  is  shown  in  soil  samx)les  2  and  4  of  the  present  year.  We  think 
the  determination  of  phosphoric  acid  should  be  separated  from  the 
general  analysis. 

In  the  method  for  nitrogen  on  page  389,  No.  13,  instead  of  "  14  grams 
of  soil,"  read  '^  7  to  14  grams  of  soil."  I  think  we  ought  to  leave  more 
latitude  there  in  the  amount  of  soil  taken  for  determination. 

The  method  for  ash,  page  390,  under  the  heading  "Analysis  of  ash," 
fourth  line,  for  the  words,  "with  2  or  3  cc  of  hydrochloric  acid,"  read 
"  with  5  or  10  cc  of  hydrochloric  acid."  I  think  the  amount  is  not 
enough  for  the  resolution  of  the  residue. 

Analysis  of  ash,  page  391,  No.  2,  insert  after  the  words  ''  50  to  100 
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cc  of  solution  A,"  the  woMs,  "  after  the  addition  of  enough  ferric 
chlorid  solution  to  combine  with  the  phosi^horic  acid  present."  This  is 
to  remedy  a  very  apparent  defect  in  the  method  as  it  now  stands.  If 
there  is  an  excess  of  phosphoric  acid  in  the  ash  above  what  is  necessary 
to  combine  with  iron  and  alumina  present,  we  have  in  the  acetic  acid 
filtrate  a  quantit}^  of  calcium  phosi^hate  in  solution  in  the  aceti(!  acid. 
This  will  come  down  with  the  manganese.  A  j)art  of  it  will  go  down 
with  the  iron  and  aluminum  phosphates;  tlie  magnesia  will  go  down 
impure,  and  an  error  will  be  caused  in  the  lime.  It  is  necessary  to 
remove  the  phosphoric  acid  by  the  addition  of  ferric  chlorid. 

The  President.  The  next  thing  in  order  is  that  the  recommenda- 
tions of  the  reporter  on  phosphoric  acid  be  taken  up  and  referred  to  the 
committee. 

Mr.  Kilgore  mentioned  the  fact  here  that  some  one  had  found  tita- 
nium in  soils,  and  the  method  for  ijhosphoric  acid  would  not  work  at  all 
in  such  cases. 

Mr.  Gross  said  he  supposed  it  was  because  of  the  insolubility  of  tita- 
nium phosphate. 

Mr.  Kilgore.  I  don't  know.  The  i)hosi3horic  acid  goes  into  solution 
in  the  hydrochloric  acid,  and  the  titanium  also,  at  least  a  portion  of  it, 
but  when  it  is  filtered  oft'  and  heated  to  dryness,  the  titanium  combines 
with  the  Ijhosphoric  acid  and  forms  an  insoluble  titanium  phosphate 
that  is  not  ledissolved  by  the  hydrochloric  acid. 

The  president  then  asked  if  the  recommendations  of  the  reporter  on 
phosphoric  acid  vfere  ready. 

Mr.  Kilgore.  I  have  merely  the  one  I  gave  before  with  reference  to 
washing  i)ractically  free  of  chlorids  and  burning  to  whiteness  or  gray 
white.  I  recommend  that  the  volumetric  method  be  made  an  alternate 
method. 

Mr.  Wiley.  I  would  like  to  suggest  to  the  committee  tbat  they  rec- 
ommend the  further  trial  of  direct  precipitation  of  the  x)hosi)horic  acid 
with  alkaline  magnesium  citrate.  It  is  used  almost  exclusively  by  the 
German  chemists  in  their  official  work.  It  is  perhai^s  not  applicable  to 
iron  and  aluminum  phosphates,  but  I  think  it  ought  to  be  further  tried 
by  the  association;  not  that  it  will  displace  the  official  method  by  the 
molybdate  process,  but  for  commercial  and  routine  work. 

Mr.  H.  B.  McDonnell.  Is  that  method  much  slower  than  the  molyb- 
date method  ^ 

Mr.  Wiley.  I  think  as  a  rule  i)erhaps  it  may  require  to  stand  a  little 
longer,  but  very  few  analyses  have  to  be  done  the  same  day,  and  it  is 
no  trouble  to  let  it  stand  over  night.  It  saves  work,  and  is  also  a  valu- 
able reagent.     One  precipitation  is  all  that  is  necessary. 

Mr.  Payne.  I  think  the  German  method  quicker  where  you  have  a 
number  to  make. 

Mr.  Wiley.  Inasmuch  as  the  method  is  used  by  so  large  a  body  in 
Europe  and  has  proved  so  accurate  and  reliable,  I  think  the  committee 
ought  to  take  some  favorable  notice  of  it. 
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The  President.  Aiiy  other  suggestions  to  the  committee? 

Mr.  Frear.  I  would  like  to  say  that  although  I  am  pleased  with  the 
results  by  the  volumetric  method,  I  should  feel  some  hesitation  in  using 
it  as  an  alternate  method,  but  should  like  to  see  it  adopted  as  a  i)ro- 
visional  check  method. 

The  President.  We  will  have  time  to  discuss  that  when  reported 
back  from  the  committee. 

The  President.  Are  there  any  further  suggestions?  If  not,  ayc  will 
l)ass  to  the  report  of  the  committee  on  fermented  and  distilled  liquors. 


EEPORT  ON  FEEMENTED  AIJD  DISTILLED  LIQUOES. 

By  Geo.  E.  Colby. 

FERMENTED  LIQUORS. 

The  following  abstract  from  letter  of  March  6,  1895,  sent  to  all  the  experiment 
stations,  explains  the  work  outlined  for  this  study  for  the  year  1895 : 

It  seems  advisable  to  pay  particular  attention  to  the  determination  of  glycerol,  as 
difticulty  was  met  with  in  that  part  of  the  work  of  last  year  (1891).  So  it  is  jiro- 
posed  to  determine  the  glycerol  in  a  red,  a  white,  and  a  sweet  wine,  together  with 
as  much  as  can  be  done  upon  the  following  points,  viz :  Determiuatiou  of  extract 
(direct  and  indirect);  specific  gravity ;  alcohol  (by  weight  and  volume) ;  polariza- 
tion; acidity  (total  and  volatile) ;  sugar  and  ash  in  the  samples  above  named.  Then, 
too,  in  accordance  with  the  directions  of  the  association,  some  study  on  distilled 
liquors  should  be  started.  For  that  purpose  one  whisky  will  be  chosen  and  the 
determinations  of  alcohol,  specific  gravity,  er.tract,  and  fusel  oil  in  it  requested. 

The  wines  selected  for  the  work  of  this  season  were  white  wine,  Verdal,  from 
Tulare ;  red  wine^  Zinfandel,  from  Mission  San  Jose ;  and  sweet  wine,  sherry,  from 
Mission  San  Jose — all  of  the  vintage  of  1893,  and  belonging  to  the  class  of  ordinary 
wines. 

Fourteen  orders  for  samjiles  were  filled  and  dispatched  March  26,  1895,  with  a 
letter  requesting  that  attention  be  given  to  strict  observance  of  association  methods 
of  analysis  of  wine  in  all  the  work.  Ten  reports  upon  whines  were  received  (W.  C. 
Blasdale,  of  the  University  of  California,  chemical  department,  and  Marvin  Curtis, 
wine  chemist,  San  Francisco,  Cal.,  being  the  only  participants  not  connected  with 
the  Agricultural  Department).  The  results  tabulated  below^  were  obtained  from 
them: 

Analyses  of  Official  Wines,  1895. 

White  wine,  Verdal. 


% 

o 
'5 

Alcoliol. 

Acid. 

Extract. 

< 

Polarization. 

Analyst. 

1 

h 

6.56 
6.58 
6.72 
6.58 
6.57 

6 

a 

H 

•a- 
1 

(S 

o 

> 

1 

1 
1 

i 
1 

i 

G.  L.  TeUer,  Arkan- 
sas   

0. 99752 
.9972 
.  9977 
.9978 
. 99743 

V.ct. 
8.25 

8.14 

P.  ct. 

p.  ct. 

P.  ct. 
2.07 

1.92 

2. 18 

2.13 

2.21 

P.ct. 

P.ct. 

P.ct. 
0.990 

.889 

.985 

1.007 

1.000 

P.ct. 

W.  C.  JJlasdaU;,  Cali- 
fornia  

0  fi')^ 

0.084 
.070 
.080 

2.  51 
2.51 

2.28 

0.285 
.288 
.296 
.291 

Geo.  E.  Colby,  Cali- 

8  45       ^^''^^ 

-0.22 

—  0.  22 

0.165 
167 

F.  T.  Biolctti,   Cali- 
fornia  

8.30 
8.29 

.550 
.487 

Marvin  Curtis,  Cali- 
fornia  

-  .20 

—  .20 
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Analyses  of  Official  Wines,  1895 — Continued. 
IFhite  wine,  Verdal — Continued. 
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O 

I 

Alcohol. 

Acid. 

Extract. 

<1 

3 

p.ct. 

.710 

.980 
.8599 

.603 

.777 
.300 

Polarization. 

Analyst. 

2 
1 

i 
H 

"o 
H 

o 

1 

s 
^ 

^ 
G 

£  > 

c  a 

^2 

fcJD 
5 

H.  J.Patterson,  Mary- 
land               .       .   . 

.9973 

P.ct. 

4.77 

6.70 

p.ct. 
5.96 

8.34 

8.18 

8.31 

P.ct. 

p.ct. 

P.  ct.    P.  ct. 

2  09' 

P.ct. 
.300 

P.c<. 

Charles  L.  Parsons, 

.560 
.569 

.560 

R.   S.   Hiltner,     Ke- 
braska 

99717 



.078 

.060 

2.03 
2.18 

1.99 
2.12 

.297 
.260 

066 

W.  D.Bigelow,U.  S. 
Department  of  Ag- 
riculture 

i 
99743     fi  fil 

Elton  Fubner,  'Wa&h- 

.9976 
1.  0082 

Slewinski  i 

r^  Fin 

6.87 

65 

in 

2.02 

2.05 

.30 

.  .00 
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Bed  ivine,  Zinfandel. 


0 

Alcohol.            Acid. 

Extract. 

< 

-3 

3 

Polarization. 

Analyst. 

1 

i 

a 

k 

0 

fi 

^3 

Degrees  W. 

Degrees  W.  af- 
ter inversion. 

G.  L.  TeUer,  Arkan- 
sas 

.  99506 
.9949 
.9952 
.  9950 
.9953 

P.  Ct.     P.  Ct. 

10  54   13  16 

P.  ct.  '\  P.  ct. 

p.ct. 

3.00 

2.91 
3.24 
3.17 
3.26 
3.14 

P.ct. 

P.ct. 

p.ct. 

1.138 

.696 

1 

P.ct. 

W.  C.  Blasdale,  CaU- 

10  66   IS  90 

0.  975 

3.10 

2.87 
3.18 

0.221 
.208 
.210 
.192 
.220 

i 

Geo.  E.  Colby,  Cali- 
fornia  

E.  T.  Bioletti,    Cali- 
fornia  

Marvin  Curtis,  Cali- 
fornia  

H.  J.  Patterson,  Mary- 
land 

10.44 
10.49 
10.60 
11.31 
10.90 
10.49 

10  63 

13.10 
13. 15 
13.29 
14.00 
13.50 
13.16 

13.33 

.795 
.787 
.710 

.097 
.124 
.080 

.926 
.818 
.900 
L020 
1.100 
.927 

5'^8 

—  .  073 

—  .044 

—  .073 

—  .044 


.282 
.264 

Charles  L.  Parsons, 

.850 
.868 

.730 

E.    S.    Hiltner,    Ne- 
braska  - 

"W.D.  Eigelow,TJ.  S. 
Department  of  Ag- 

. 99519 

.152 
.054 

3.  099 
3.099 

2.61      .218 
3  17       9.^i) 

.000 
—  .070 

.187 

Elton  Fulmer,  Wash- 
ington  9955 

Slewinskii                      1  0112 

.603 

Q    .R» 

11.87 



1.17 

08 

^   C\± 

1 

2  98 
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-- 

Beported  by  George  Thoms,  Riga.  Russia. 
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Analyses  of  Official  Wines,  1895 — Contiuued. 
Sweet  uine.  Sherry. 


ArialvsT. 


02 


AlcohoL 


Acid. 


Extract. 


Polarization. 

I    °^ 

■     °i 

^     ^1 


OJ 


P.cf.  r.  cf.  i'.ci.  P.et. 
99128  17.12  21.40  


P.  ct.    P.  ct.    P.  ct. 
3.93 


P.et. 
.734 


P.et. 


17.82  21.27   .600 i .186 

17.00  21.25   .540  0. 098'  4. 20   4.15   .204 


700 


—2.80  —2.80  2.130 


17.12  21.3 
9895  16.51  20.29  4.10 


:  I     I 

490      .  045    4. 14        4. 19      .  190;     .  670  . 


2.130 


G.  L.  Teller,  Arkan- 
sas  

W.  C.  Blasdale,  Cali- 
fornia  9902 

Geo.  E.  Colby.  Cali- 
fornia  9916 

F.  T.  Bioletti,  Cali- 
fornia  9917    16.85    2L06       .532      .  098    4. 32       4.40      .191      .770    —2.50    —2.50    1.990 

Marvin  Curtis,  Cali- 
fornia  

H..J.Patterson,Mary- 
land 

R.  S.  Hiltner,  ^"e- 
bra.ska 

W.  D.  Bigelow,  IJ.  S. 
Department  of  Ag- 
riculture   

Oma  Carr.  Y.  S.  De- 
partment ot  Agri- 
culture   ' 34.020 

Elton  Fulmer,  ~\Va.sli- 
ington '     .9905 

Leiste  2 .  9882 


.  210      .  790 


?2  17. 129  21. 


,  631      .  054    4. 19      •  3.  90      .  199 


-1.24   — L24    1.813 


,9907    17.21   21.47       .770 


.042   4.024     4.08     .230      .415   —1.26   — L  30 


15.67    19.28       .654      .038   3. 
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3. 50     .  166     .  140 


iScliulze. 

2  j>epQj.tg(j  ^y  George  Thorns.  Riga,  Rus.sia. 

3  Dried  withpumice  stone  in  vacuum  bath,  see  below,  Extract. 

Glycerol. — The  tables  above  show  28  results  for  this  year's  work,  for  three  wines, 
and  each  sample  has  received  more  attention  in  this  respect  than  did  the  official 
wine  of  last  year.  The  results  indicate  that  this  determination  will  bear  consider- 
ably more  study. 

Note  by  G.  L.  Teller. — The  crude  glycerol  obtained  from  the  sweet  and  the  white 
wines  was  redissolved  in  absolute  alcohol  and  reprecipitated  several  times  with 
ether,  with  these  results: 


Sweet  wine. 


Red  wine. 


Fir.<.t  precipitation 

Second  i)recipitation .  650  and    .  72'. 

Third  preci])itation 

Fourth  precipitation 

Fifth  i)recipitation 


Gram.  Gram. 

0.  668  and  0. 800  '  0. 973  and  1.  008 

Oil  and    .917 

.616  and    .700       .851  and    .849 

.  614  and    .  679       .  804  and    .  801 

.  607  and    .595    


Extract. — The  results  for  all  the  wiues,  as  far  as  they  go,  are  very  satisfactory 
7388— Xo.  Vi 7 
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Note  by  Oma  Carr. — Concerning  my  determinations  of  extract  in  the  official  wines, 
conducted  by  the  pumice-stone  method  in  vacuo,  I  beg  to  report  as  folloM's : 

Sherry. 

Per  cent  extract. 

Dried  three  hours 4. 14      and  4. 15 

Dried  four  hours 4.  017    and  4. 030 

No  alternation  of  weight  up  to  nine  hours  of  drying.  Dried  approximately  3  grams 
material  in  flat  aluminum  dishes  on  layer  of  line  pumice  stone  (not  powdered)  in 
A^acuum  bath.  Temperature,  70°;  vacuum,  24  inches;  temperature  in  excess  of 
boiling  point,  10°. 

The  pumice-stone  method,  briefly  stated,  consists  in  the  employment  of  small  frag- 
ments of  acid- washed  stone,  upon  whicli,  after  ignition,  cooling,  a,nd  weighing,  the 
material  is  distributed  from  a  weighing  bottle.  The  drying  is  conducted  in  vacuo, 
the  temperature  never  being  raised  to  above  10°  in  excess  of  the  boiling  point  cor- 
responding to  the  vacuum.  Operating  with  a  vacuum  of  24  inches,  the  temperature 
should  be  70° ;  for  a  vacuum  of  25  inches,  67° ;  for  26  inches,  62°  ;  for  27  inches,  56°, 
etc.     In  weighing,  the  dishes  are  covered  with  a  ground-glass  plate. 

Comparing  these  figures  just  above  with  the  average  direct  extract  for  the  sherry, 
4.11  per  cent,  we  might  consider  Mr.  Carr's  work  for  this  wine  an  excellent  verifi- 
cation of  the  results  yielded  by  the  regular  method. 

Specific  gravity. — The  results  for  the  red  and  the  white  wines  are  respectively  very 
close ;  those  for  the  sherry  show  some  difii"erences,  but  are  in  accordance  with  what 
should  be  expected. 

Alcohol. — The  figures  returned  for  this  imj^ortant  constituent  show  differences 
which  are  admissible  (with  the  exception  of  those  from  one  station)  and  should  be 
considered  quite  satisfactory. 

Note  by  W.  D.  BigeJow, — I  give  also  the  amount  of  alcohol  with  and  without  the 
use  of  the  mercurj^  valve : 


Alcohol  by  volume. 

Verdal.     Zinfandel. 

1 

Sherry. 

} 
8.31               13.33             21.47 

VV  ithout  mercury  valve             .                     ..       .          .          ... 

8  33               13  28  i          '^1  -id 

You  will  observe  that  these  results  are  so  close  together  that  they  would  be  entirely 
satisfactory  as  duplicates,  and  as  each  of  the  results  given  in  this  comparison  is  a 
mean  of  from  three  to  six  separate  determinations,  I  am  more  strongly  inclined  than 
ever  to  regard  the  valve  as  superfluous. 

Acidity. — Fairly  concordant  results  are  reported  for  the  total  acid ;  the  volatile  acid 
has  received  but  little  attention  this  year.  W.  D.  Bigelow  used  cochineal  indicator, 
but  considers  ''that  it  is  not  satisfactory,  because  the  end  reaction  is  not  sharp." 

Note  by  Geo.  E.  Colby. — In  order  to  shorten  the  work  and  to  use  less  apparatus  than 
called  for  by  the  regular  method,  I  have  been  in  the  habit  of  determining  the  volatile 
acid  either  in  5  cc  or  10  cc  of  wine,  to  which  has  been  added  5  cc  or  10  cc  saturated 
solution  of  pure  sodium  sulphate  (to  raise  the  boiling  point),  and  heating  in  a  beaker 
with  wai  ch-glass  cover  till  distillate  on  cover  shows  no  acidity,  and  finally  titrating. 
The  difl^erence  (cc  N-10  alkali)  between  the  total  and  this  titration  is  calculated  as 
acetic  acid. 

The  oflicial  wines  treated  in  the  above  manner  give  results  tabulated  below,  which 
resemble  closely  those  obtained  by  the  regular  method. 


Volatile  acid  (as  acetic).                       • 

Verdal, 
white 
wine. 

Zinfandel, 
red  wine. 

Sherry, 
sweet 
wine. 

0.084 
.084 

0.097 
.102 

0.098 

.108 

Ash. — All  the  results  are  very  close. 

Polarization  and  sugar. — Not  sufiQicient  data  have  been  received  to  make  it  possible 
to  discuss  the  results. 
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DISTILLED  LIQUORS. 

At  my  request  my  associate,  Mr.  W.  D.  Bigelow,  planned  and  directed  the  work 
with  distilled  liquors.  A  sample  of  artificial  rum  was  prepared  by  the  addition  of 
a  known  amount  of  fusel  oil,  flavoring  material,  and  caramel,  to  fusel  free  alcohol, 
which  had  been  jjreviously  distilled  over  caustic  j)otash,  and  diluted  to  a  little  below 
proof.     Analysis  of  the  fusel  oil  used  gave  the  following  results : 

Per  cent. 

Amy  1  alcohols 43. 67 

Butyl  alcohols 10.  96 

Propyl  alcohols 18.  25 

Of  this  fusel  oil,  25.3  cc  were  added  to  12  liters  of  the  diluted  alcohol,  thus 
making  0.210  per  cent  of  the  fusel  oil,  or  0.153  per  cent  of  the  higher  alcohols,  which 
I  shall  hereafter  designate  as  fusel  oil.  Samples  of  this  rum  were  sent  to  eighteen 
analysts,  from  ten  of  whom  reports  Avere  received. 

A  letter  was  sent  with  each  sample  requesting  that  especial  attention  be  given  to 
the  determination  of  fusel  oil,  and  giving  detailed  directions  for  this  determination 
according  to  Dupre's  method.  Six  analysts  reported  results  by  this  method,  two  by 
Marquardt's  method  and  five  by  HerzfekVs  modification  of  Roese's  method.  In 
addition  to  these,  two  reported  their  inability  to  obtain  concordant  results  by  Dupre's 
method  and  one  by  Marquardt's  method. 

The  results  obtained  are  given  in  the  following  table : 


Specific 
gravity. 

Alco- 
hol by 
weight. 

Ex- 
tract. 

Fusel  oil. 

Analyst. 

Dupre. 

Mar- 
quardt. 

Roese- 
Herzfeld. 

Amount 
added. 

0.  94646 
.  9463,-3 
. 94610 

Per  ct. 
36.54 
36.25 
36.14 

Per  ct. 
0.120 

.130 

Per  ct. 

Per  ct. 

Per  cent. 

Per  cent. 

0.463 
1.269 

< 

"F  T  Kinletti  California 

i 

Do                                                    

2 .  238 

Wm.  Bromwell,  Museum  of  Hygiene, 

0.108 

Geo  E  Colby  California         

.  94600 
. 94640 

37.05 
34.17 
36.70 

.130 
.125 

.640 

0.601 

Fassbender,      Landw. -chem.     Ver- 

suchsst.,  Kempen  am  Ehein 

r.  H.Tyermskiold,  Kemiske  Kontrol- 

.660 

.135 
0265 

G  Thorns  Chem  Versuchsst    Eio^a 

. 94605 

36.64 

.133 

'  1.  018 
2 1.  044 

' .  180 

Do 

W.  D.  Bigelow,  U.  S.  Department  of 
Aei'iculture                      --.             .... 

. 94562 

36.87 

.128 

1..7 

.140 
.127 
.135 

Do                            

'  .  136          . 1 39 

Do                   ..           

1.205 
2 .  230 
2.285 

.177 

Do               

Do                    

Oma  Carr,  U.  S.  Department  of  Agri- 

3.153 

H.  B.  McDonnell,  Maryland 

.341 
.331 

Do 

" 

Theory 

.  94584        3ti.  76 

.  129 

.187 

.150 

.179               0  1.53 

'  With  pre%'^iou8  di.stillation. 

2  Without  previous  distillation. 

3  Obtained  by  punuce-stoue  method  in  vacu3. 
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The  difference  between  the  figures  given  as  theory  and  the  amount  added  will  be 
understood  when  the  methods  of  calculation  employed  by  the  various  authors  are 
remembered. 

All  the  determinations  except  that  of  fusel  oil  are  fairly  satisfactory,  though  it  is 
worthy  of  note  that  the  extract  as  determined  by  Mr.  Carr  by  the  pumice-stone 
method  in  vacuo  is  decidedly  higher  than  that  reported  by  the  ofdcial  method.  The 
results  reported  on  the  determination  of  fusel  oil  emphasize  the  necessity  of  further 
work  ux^on  this  subject. 

REMARKS   AND   EXTRACTS   FROM   REPORTS. 

Charles  L.  Parsons. — The  analysis  (Dupr6's  method)  is  very  tedious,  and  I  do  not 
think  will  ever  be  much  used  in  its  present  form.  The  time  required  to  make  the 
distillations  is  very  trying,  and  the  multiplied  chances  of  loss  too  great  for  accurate 
work,  in  my  opinion,  even  if  valeric  acid  means  fusel  oil  after  the  work  is  done. 

G.  L.  Teller. — A  considerable  number  of  trials  for  fusel  oil  were  made,  and  though 
the  work  was  carried  on  with  great  care  the  results  were  so  discordant  that  none 
are  given.  In  my  hands  the  method  (Dupre's)  has  proven  very  tedious  and  unsatis- 
factory. 

Geo.  E.  Colby. — Where  the  results  are  obtained  from  work  done  in  duplicate  it 
seems  to  me  that  this  method  (Dux^re's)  should  be  good,  but  it  is  A^ery  certain  that  a 
great  deal  of  exj^erience  is  required  for  its  use,  especially  when  investigating  com- 
mercial articles. 

Wm.  Bromivell. — My  results  by  the  Marquardt  method,  which  was  tried  several 
times,  were  so  discordant  as  to  make  them  of  no  value  except  to  show  that  the 
method  is  of  little  use  if  followed  exactly  as  given.  I  am  inclined  to  think  that 
some  valuable  modifications  might  be  made  in  it  which  would  make  it  more  useful. 
I  am  not,  however,  prepared  to  suggest  them  at  present.  The  fact  that  some  of  the 
ethyl  alcohol  is  extracted  by  chloroform  in  proceediug  as  described  in  the  method 
as  given  by  Allen  in  the  second  edition  of  his  Commercial  Organic  Analysis  was 
clearly  shown  by  a  strong  odor  of  acetic  acid  in  the  course  of  the  operations  follow- 
ing the  oxidation  of  the  chloroform  extract.  This  was  observed  in  running  a  blank 
with  fusel-free  alcohol  of  specific  gravity  0.980. 

By  the  Eoese- Sell- Win disch  method  I  obtained  results  which  are  more  concordant. 
There  are  two  points  in  this  method,  however,  to  which  I  should  like  to  call  atten- 
tion: First,  the  large  error  introduced  by  slight  changes  in  the  temperature  of  the 
bath;  and  to  render  such  changes  less  liable  to  occur,  I  would  suggest  that  the 
method  be  so  modified  as  to  be  used  at  a  temperature  higher  than  15°,  say  at  25°, 
which  is  a  temperature  much  more  easily  maintained  in  our  laboratories.  Second, 
it  is  quite  difficult  to  introduce  the  chloroform  into  the  apparatus  satisfactorily  by 
using  a  drawn-out  funnel  or  pipette,  and  I  would  suggest  as  a  remedy  for  this  trouble 
that  the  apparatus  be  so  made  that  the  chloroform  could  be  sucked  up  into  the  bulb 
exactly  to  the  20  cc  mark  and  kept  there  by  turning  a  stopcock.  This  could  easily 
be  done  by  sealing  a  small  tube  fitted  with  a  stopcock  to  the  lower  end  of  the  bulb. 

I  would  recommend:  First,  that  in  tlie  alcohol  determination  the 
use  of  the  mercury  valve  be  discontinued;  second,  that  in  the  glycerol 
determination  tbere  be  added  to  the  method,  after  the  words  "water 
oven,"  the  following:  "and  weighed,  the  ash  determined  in  it,  and  its 
weight  deducted  from  that  of  the  weighed  residue;"  third,  that  the 
directions  for  the  determination  of  alcohol  be  made  to  read  as  follows : 

II.  Determination  of  alcohol — 
(a)  In  fermented  liquors. 

(1)  By  weight. — One  hundred  cc  of  the  liquor  are  measured  into  a  flask  of  from 
250  to  300  cc  capacity,  50  cc  of  water  added,  the  flask  attached  to  a  vertical  cou- 
denser  by  means  of  a  bent  tube,  and  100  cc  distilled.     The  specific  gravity  of  the 
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distillate  is  determined  as  directed  under  '^Determination  of  specific  gravity  of 
liquors."  The  distillate  is  also  weighed  or  its  weight  calculated  from  the  specific 
gvayity.  The  corresponding  percentage  of  alcohol  by  weight  is  obtained  from  the 
appended  table,  and  this  figure  multiplied  by  the  weight  of  the  distilhite  and  the 
result  divided  by  the  weight  of  the  sample  taken  gives  the  per  cent  of  alcohol  by 
weight. 

(2)  By  volume. — The  percentage  of  alcohol  by  volume  of  the  liquor  is  the  same  as 
that  of  the  distillate,  and  is  obtained  from  the  appended  table. 
(&)  In  distilled  liquors. 

(1)  By  u-eight.— About  30  grams  of  the  liquor  are  weighed,  diluted  to  150  cc,  100 
cc  distilled,  and  the  per  cent  of  alcohol  by  weight  determined  as  under  fermented 
liquors. 

(2)  By  volume. — The  percentage  of  alcohol  by  volume  in  the  distillate  is  obtained 
from  tne  appended  table,  this  figure  divided  by  the  volume  of  the  liquor  taken  for  the 
determination  (calculated  from  the  specific  gravity),  and  the  result  multiplied  by  100. 

The  President.  Are  there  any  remarks  or  x)ai)ers? 

Mr.  Huston.  Was  any  examination  made  of  the  pharmacopoeias  and 
dispensatories  to  see  how  their  methods  compared  with  our  own  ? 

Mr.  BiGELOW.  Not  for  distilled  liquors.  The  pharmacopoeia  does 
not  take  into  consideration  tbe  fusel  oil,  but  does  consider  the  specific 
gravity,  extract,  and  i)ercentage  of  alcohol. 

Mr.  Payne.  The  determination  of  fusel  oil  and  aldehyds  is  a  valu- 
able line  of  work.  I  had  something  to  do  with  revising  a  pharmaco- 
poeia, and  on  these  particular  subjects  there  seems  to  be  very  little 
known.     . 

Mr.  BiaELOW.  I  i.eglected  to  mention  that  at  the  bottom  of  page 
373,  Bui.  43,  under  ^'  Polarization,"  there  is  something  wrong  with  the 
factors  given  there.  They  are  not  correct.  I  suggest  that  the  correct 
factors  be  substituted,  and  that  they  be  expressed  in  terms  of  angu- 
lar rotation. 

It  was  voted  that  Mr.  Bigelow,  as  a  member  of  the  editing  committee, 
be  empowered  to  make  the  substitution. 

The  President.  The  recommendations  of  the  reporter»were  included 
in  his  report,  and,  unless  requested,  the  recommendations  will  not  be 
read,  but  will  be  considered  as  before  the  committee.  We  have  only 
about  ten  minutes  now  before  the  special  order  of  business  for  3  o'clock. 
I  suggest  that  as  there  is  hardly  time  to  take  up  the  nitrogen  report, 
we  might  hear  from  the  committee  on  editing  methods. 

EEPOKT  OP  THE  EDITING  COMMITTEE. 
By  L.  L.  Van  Slykk  and  W.  D.  Bigelow. 

ORDER  OF   GIVING  METHODS, 

I.  Methods  for  the  analysis  of  fertilizers. 
II.  Methods  for  the  analysis  of  foods. 

III.  Methods  for  the  analysis  of  dairy  products. 

IV.  Methods  for  the  analysis  of  soils. 
V.  Methods  for  the  analysis  of  nshes. 

VI.  Methods  for  the  analysis  of  sugars. 

VII.  Metliods  for  the  analysis  of  fermented  and  distilled  liquors. 
A^III.  Methods  for  the  analysis  of  tannin*?  materials. 
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I.  Methods  for  the  Analysis  of  Fertilizers. 

1.  Preparation  of  samples. 

2.  Determination  of  moisture. 

3.  Determination  of  phosphoric  acid. 

(a)  Preparation  of  reagents. 
(&)  Total  x)hosphoric  acid. 

(1)  Methods  of  making  solution,  (A),  (B),  (C),  (D),  (E),  (F). 

(2)  Determination. 

(c)  Water-soluble  phosphoric  acid. 

(d)  Citrate-insoluble  phosphoric  acid. 

(1)  In  acidiilated  goods. 

(2)  In  nonacidulated  goods. 

(e)  Citrate-soluble  phosphoric  acid. 

4.  Determination  of  nitrogen. 

(a)  Kjeldahl  method  (nitrates  absent). 

(1)  Reagents. 

(2)  Apparatus. 

(3)  Determination. 

(6)  Gunning  method  (nitrates  absent). 
(1)  Determination. 

(c)  Kjeldahl  method  modified  to  include  the  nitrogen  of  nitrates. 

(1)  Reagents. 

(2)  Determination. 

(d)  Gunning  method  modified  to  include  the  nitrogen  of  nitrates. 
(1)  Determination. 

5.  Determination  of  potash. 

(a)  Reagents. 

(1)  Preparation  of  NH4CI  solution. 

(2)  Preparation  Pt  CI4  solution. 
(&)  Solution. 

(1)  In  case  of  potash  salts  and  mixed  fertilizers. 

(2)  In  case  of  organic  compounds. 

(c)  Method  of  Lindo-Gladding. 

(1)  In  mixed  fertilizers. 

(2)  In  muriate  of  potash. 

(3)  In  sulphate  of  potash,  kainit,  etc. 

(d)  Optional  method. 

(e)  Factors. 

II.  Methods  for  the  Analysis  of  Foods. 

1.  Preparation  of  sample. 

2.  Determination  of  moisture. 

3.  Determination  of  ash. 

4.  Determination  of  ether  extract. 

(a)  Reagents,  preparation  of  anhydrous  ether. 
(&)  Direct  method, 
(c)  Indirect  method, 

5.  Determination  of  crude  protein. 

6.  Determination  of  albuminoid  nitrogen  by  Stutzer's  method. 

(a)  Reagents,  preparation  of  cupric  hydrate. 

(b)  Determination. 

7.  Determination  of  crude  fiber. 

III.  Methods  for  the  Analysis  of  Dairy  Products. 

1.  Analysis  of  butter. 

(a)  Microscopic  examination. 
(&)  Sampling. 

(c)  Determination  of  water. 
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III.  Methods  for  the  Analysis  of  Dairy  Products— Continued. 

1.  Analysis  of  butter — Continued. 

(d)  Determination  of  fat. 

(1)  Direct  method. 

(2)  Indirect  method. 

(e)  Determination  of  casein  and  ash. 
(/)  Determination  of  salt. 

((j)  Determination  of  specitic  gravity. 
(h)  Determination  of  melting  point. 

(1)  Reagents. 

(2)  AiJjiaratus. 

(3)  Determination. 

(i)  Determination  of  A^olatile  acids. 

(1)  Eeagents. 

(2)  Apparatus. 

(3)  Determination. 

0)  Optional  method  of  determining  volatile  acids. 
(A;)  Determination  of  iodin  absorption  number. 

(1)  Reagents. 

(2)  Determination. 

(l)  Optional  methods  of  butter  analysis. 

2.  Analysis  of  milk. 

(a)  Determination  of  water. 

(h)  Determination  of  total  nitrogen  compounds. 

(c)  Determination  of  total  solids. 

(d)  Determination  of  fat. 

(1)  By  Babcock  asbestus  method. 

(2)  By  paper-coil  method. 

(e)  Determination  of  sugar. 

(1)  Optical  method. 

(A)  Reagents. 

(B)  Apparatus. 

(C)  Determination. 

(2)  Optional   methods.      It  is   recommended  that  special    tables 

adapted  to  milk  sugar  be  inserted. 
(/)  Determination  of  ash. 

3.  Analysis  of  cheese;  provisional  methods. 

(a)  Sampling. 

(6)  Determination  of  water. 

(c)  Determination  of  ash. 

(d)  Determination  of  fat. 

(e)  Determination  of  nitrogen  compounds. 
(/)  Determination  of  other  constituents. 

IV.  Methods  for  the  Analysis  of  Soils. 

1.  Sampling  (should  be  given). 

2.  Preparation  of  sample. 

3.  Determination  of  moisture. 

4.  Determination  of  volatile  matter. 

5.  Determination  of  acid-soluble  materials. 

(a)  Acid  digestion  of  soil. 

(&)  Determination  of  ferric  oxid,  alumina,    and  phosphoric   acid,  col- 
lectively. 

(c)  Determination  of  manganese. 

(d)  Determination  of  lime. 

(e)  Determination  of  magnesia. 
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IV.  Methods  for  the  Analysis  of  Soils— Continued. 

5.  Determination  of  acid-soluble  materials — Continued. 
(/)  Determination  of  ferric  oxid. 

(g)  Determination  of  phosphoric  acid. 
(h)  Determination  of  sulfuric  acid. 
(i)  Determination  of  potasli  and  soda. 

6.  Determination  of  acid  insoluble  materials. 

7.  Determination  of  total  alkalies. 

8.  Identification  of  caesium,  lithium^  and  rubidium. 

9.  Determination  of  total  nitrogen. 

10.  Determination  of  carbon  dioxid. 

11.  Determination  of  humus.  ~j 

12.  Determination  of  hygroscopic  coefficient.  I  ^,       , -,  ,  ^^f,  a 

13.  Mechanical  analysis.  [ 

14.  Water  capacity.  J 

15.  Capillary  power  and  water  soluble  materials. 

16.  Mechanical  analysis. 

V.  Methods  for  the  Analysis  of  Ashes. 

1.  Preparation  of  ash. 

2.  Analysis  of  ash. 

(a)  Carbon,  sand,  and  silica. 

(b)  Manganese,  lime,  and  magnesia. 

(c)  Phosphoric  acid. 

(d)  Sulfuric  acid  and  alkalies. 

(e)  Carbon  dioxid. 
(/)  Chlorin. 

VI.  Methods  for  the  Analysis  of  Sugars. 

1.  Determination  of  water. 

(a)  In  sugar  or  masse  cuite. 
(h)  In  honey  or  molasses. 

2.  Determination  of  ash. 

3.  Determination  of  nitrogen. 

4.  Determination  of  reducing  sugars. 

(a)  Reagents. 

(&)  Approximate  volumetric  method  for  rapid  work. 

(c)  Soxhlet's  exact  volumetric  method. 

(d)  Gravimetric  method  for  materials  containing  1  per  cent  or  less  of 

invert  sugar, 

(e)  Gravimetric  method  for  materials  containing  more  than  1  per  cent 

of  invert  sugar. 
(/)  Allihn's  gravimetric  method  for  the  determination  of  dextrose. 

5.  Determination  of  sucrose. 

(a)  PreiDaration  of  reagents. 
(&)  Optical  method. 

(1)  In  sugars,  masse  cuites,  etc. 

(2)  In  juices,  etc. 
(c)  Determination. 

(1)  Optical  methods  by  inversion. 

(A)  Method  of  Clerget. 

(B)  The  official  German  method. 

(C)  Method  of  Lindet. 

(2)  Gravimetric  method. 

VII.  Methods  for  the  Analysis  of  Fermented  Liquors. 

1.  Determination  of  specific  gravity. 
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VII.  Mp:thod5  for  the  Analysis  of  Fermented  Liquors — Continued. 

2.  Determination  of  aloohol. 

(a)  By  weight. 
{h)  By  Tolnme. 

3.  Determination  of  extract. 

(a)  In  dry  wines,  beers,  ales,  etc. 
(h)  In  sweet  wines. 

4.  Determination  of  total  acidity. 

5.  Determination  of  volatile  acids. 

6.  Determination  of  glycerol. 

(a)  In  dry  wines. 
(&)  In  sweet  wines. 

7.  Determination  of  reducing  sugars. 

(a)  Preliminary  test. 
(&)  Final  determination. 
(c)  Allihn's  method. 

8.  Polarization. 

(a)  In  white  wines. 
(&)  In  red  wines. 

(c)  In  sweet  wines. 

(1)  Before  inversion. 

(2)  After  inversion. 

(3)  After  fermentation. 

(d)  Application  of  analytical  method, 

9.  Determination  of  tanuiu  and  coloring  matter. 

10.  Determination  of  potassium  bitartrate. 

11.  Determination  of  tartaric,  malic,  and  succinic  acids. 

(a)  Schmidt  and  Hiepe's  method. 

(&)  Modilied  Berthelot  Fleury  method. 

(c)  Determination  of  tartaric  acid  in  filtrate  from  10. 

12.  Determination  of  coloring  matter. 

(a)  Fuchsin. 

(&)   Sodium  rosanilin  sulfonate. 

13.  Inorganic  matter. 

14.  Citric  acid. 

15.  Sulfuric  acid. 

16.  Chlorin. 

17.  Calcium  and  magnesium. 

18.  Phosphoric  acid. 

19.  Potash. 

20.  Gum  and  dextrin. 

21.  Sulfnrous  acid. 

22.  Salicylic  acid. 

VIII.  Methods  of  Analysis  of  Tanning  Materials. 

1.  Testing  the  hide  powder. 

2.  Moisture  in  sample. 

3.  Provisional  method. 

The  report  was  adopted  as  a  wliole. 

Tlie  president  now  called  for  the  report  of  the  committee  on  nomina- 
tions. 

Mr.  Winton  gave  the  nominations  of  the  committee  as  follows:  For 
president,  Mr.  B.  B.  Boss:  for  vice-president,  Mr.  William  Frear;  for 
secretary,  :Mr.  H.  W.  Wilej^;  execntive  committee,  Mr.  H.  J.  Wheeler, 
Mr.  F.  W.  Traphagen. 
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Tlie  recomiDendations  of  the  committee  on  nominations  were  voted 
ui)on  and  adopted. 

The  president  then  snggested  tliat  any  business  outside  of  reports 
be  brought  forward  at  this  time. 

Mr.  Wiley.  I  inove  that  the  thanks  of  the  association  be  extended 
to  the  authorities  of  the  IiTational  Museum  for  the  use  of  this  lecture 
hall. 

Motion  seconded  and  carried. 

Mr.  Bartlett.  There  seems  to  be  a  misunderstanding  as  to  whether 
a  reporter  is  to  serve  one  or  two  years  after  this  year.  I  would  like  to 
have  this  explained. 

The  President.  I  think  I  had  better  let  my  successor  explain  that. 
We  adopted  this  duplicate  reporter  system  with  the  understanding 
that  the  reporter  who  was  associate  one  year  would  be  the  reporter 
proper  on  the  subject  the  following  year. 

The  president  then  called  for  the  report  on  nitrogen. 

EEPOET  ON  MTEOGEN. 

By  J.  M.  Bartlett,  Reporter. 

In  accordance  -witli  a  vote  of  the  association  at  its  last  meeting  that  the  reporters 
for  1894  stiould  serve  for  1895, 1  again  assumed  the  duties  as  reporter  on  nitrogen  for 
this  year.  As  was  the  case  last  year,  tlie  members  were  very  chary  of  instructions 
in  tliis  line  of  work,  and  a  few  suggestions  on  testing  methods  for  nitric  nitrogen 
and  the  Fassbender  method  for  total  nitrogen  in  presence  of  nitrates  made  by  the 
reporter  of  last  year  were  all  that  I  received. 

Notwithstanding  that  I  fully  appreciate  the  fact  that  one  of  the  most  important 
problems  before  us  is,  How  to  determine  the  availability  of  nitrogen  in  mixed  fertil- 
izers, still  there  seems  to  be  no  method  even  yet  in  shape  for  the  chemists  to  test  in 
a  practical  way.  It  is  to  he  hoped,  however,  that  before  the  next  meeting  of  the 
Association  of  Official  Agricultural  Chemists  a  fairly  reliable  and  practical  method 
will  be  devised. 

It  seems  quite  reasonable  that  as  all  organic  nitrogen  in  the  soil  must  undergo  the 
oxidation  process  to  become  available  to  plants,  it  would  be  possible  to  imitate  that 
process  to  a  fairly  accurate  degree  by  oxidizing  agents  in  the  laboratory. 

A  circular  letter  was  sent  out  early  in  December  asking  cooperation  of  all  official 
chemists,  and  suggestions  for  the  work  on  nitrogen.  The  suggestions  failed  to 
materialize,  but  about  twenty  chemists  applied  for  samples;  consequently  a  sample 
to  answer  the  requirements  of  the  suggestions  heretofore  mentioned  was  made  up  as 
follows : 

Very  finely  pulverized  dried  blood,  cotton-seed  meal,  bone  dust.  South  Carolina 
rock  and  enough  c.  p.  sodium  nitrate  to  make  2  per  cent  nitric  nitrogen  were  very 
intimately  mixed,  put  in  bottles,  and  sealed.  The  mixing  was  done  so  thoroughly 
that  it  seems  impossible  that  the  samples  could  vary  unless  there  was  mechanical 
separation  after  the  material  was  put  in  the  bottles.  To  all  applicants  samples  were 
sent,  and  also  the  following  letter  of  instructions: 

I  send  you  by  express  two  samples  of  material  for  the  association  work  on  nitrogen. 
Sample  No.  1  is  a  portion  of  the  material  used  last  year  and  contains  4.71  per  cent  of 
nitrogen  (1.91  in  form  of  nitrate).  You  are  requested  to  test  your  standard  solutions, 
reagents,  etc.,  by  making  a  nitrogen  determination  in  this  sample.  By  so  doing  we 
hope  to  obtain  very  closely  agreeing  results  on  sample  No.  2.  In  sample  No.  2  deter- 
mine total  nitrogen  by  either  the  Kjeldahl  or  Gunning  methods,  modified  for  nitrogen 
of  nitrates,  as  given  on  page  347,  Bulletin  No.  43,  United  States  Department  of  Agri- 
culture, Division  of  Chemistry.  Also,  if  you  have  the  opportunity,  by  the  method 
employed  by  Dr.  Fassbender,  given  on  page  138  of  the  same  Bulletin. 
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Determine  nitric  nitrogen — 

First,  by  the  followin^i-  method:  Weijjh  off  1  gram  of  sample  in  a  flat-bottomed, 
511(3  cc  flask.  Add  2  to  5  grams  of  reduced  iron,  25  cc  of  water,  and  o  to  10  cc  of  sul- 
furic acid  fsp.  gr.  1.3">).  Shake  well,  clo.-e  the  ueck  of  the  flask  with  a  rubber 
stopper  in  which  has  been  inserted  a  dropping-bulb.  (See  Ulsch's  method.)  Boil 
for  Ave  minutes  rinse  the  contents  of  the  bulb  into  the  flask,  add  about  150  cc  of 
water,  a  little  paraflin.  and  3  grams  of  heavy  magnesium  oxid.  Distill  for  forty 
minutes,  and  proceed  as  usual.  The  nitrogen  obtained  represents  the  nitrates  and 
the  ammonia  contained  in  the  sample,  from  which  result  the  amount  of  nitric  nitro- 
gen can  be  obtained  by  deducting  the  percentage  of  ammonia  found.  By  allowing 
the  boiling  to  begin  very  slowly  all  danger  of  foaming  is  avoided. 

Second,  by  the  zinc-iron  method,  so  called,  given  on  page  142  of  Bulletin  Xo.  13, 
using  10  grams  of  the  material  instead  of  5,  as  in  the  case  of  pure  nitrates,  and 
filtering  through  a  dry  filter  before  taking  a  portion  for  analysis. 

You  are  especially  requested  to  make  the  determinations  of  nitric  nitrogen,  as  the 
association  wishes  to  adopt  one  of  the  methods  if  either  is  found  to  be  satisfactory. 

Reports  were  received  from  eleven  analysts,  and  their  results  are  given  in  tabular 
form  below. 


Sarapl 

eXo.l 

! 

Sampl 

eNo.2 

Total  nitro-     Xitric  ni-     Total  nitro- 
gen,             trogen.              gen. 

Xitric  ni- 
trogen. 

© 

a 

Fass bender 
method. 

Ulsch-Street 
method. 

Zn-Fe  method. 
Official  method. 

u 

->3 
® 

■si 

Jit 

0  s 

as 
P 

-5 

1 

Agricultural  Department,  Washington,  D.C.,  T.  C. 

Trescot.  analyst 1 4. 88 

24.  7f? 

1.91 

'4.59 

1.96   2-t.4.T 

1.85 

1  87 

34.75 
64.72 



n.9i 

41.91 

61.71 

3  4.43 
54.44 

n.88 

n.85 

•^1.80 

Xew  Hampshire  Station.  E.  P.  Stone,  analyst 

4.85 
4.81 



4.60 
4.71 

U.25 

n.48 

'1.52 
U.42 

2.06 
2.10 
2.00 
2.07 

2.02 
2  05 

1 

1  98 

Montana  Experiment  Station : 

jf  w  Traphafen  analvst .. 

4.73 
4.78 
4.75 

1    87 

1.96 
2.02 

4.60 
4.61 

1  96 

1.94 

>.95 

2  03 

1  96 

W.  M.  Cohleigh.  analvst 

4.52 
4.62 
4.63 
4.66 
4.49 
4.51 
4.47 

4.51 
4.56 
4.63 

4.54 
4.33 
4.51 
4.34 

1  98 

Illinois  Experiment  Station,  C.  G-.  Hopkins,  analvst .    4. 70    

1.86 
1.88 
1.88 

1.98 

1  4.B» 

1  97 

4.69 
4.74 

1  % 

1.90 
1.90 

1.94 
1    Q± 

1.94 

4.46     1.99 
4  47     9  n.q 

Maryland   Agricultural  College,  H.  C.  Sherman, 
analvst  



4.67 
4.68 

4.71 

4.71 

1  93 

2  0'' 

4.53 

2  13 

Virginia  Agriciiltural  Experiment  Station: 

A.  T.  Esk ridge,  analvst 

1.71 

W.  B.  Ellett,  analyst 

1  72 

i 

1  Ab.solute  method. 

2 K.jeldalil  method. 

^Kjeldahl  method  with  Hypo. 

*  Ulsch-Street  modified  by  Bartlett. 


*  Gunning  method. 
•'Only  3  ^rams  MgO  used. 
'Omitted  from  averages. 


108 


Sample  No.  1. 

Sample  No.  2. 

Total  nitro- 
gen. 

Nitric  ni- 
trogen. 

Total  nitro- 
gen. 

Nitric  ni- 
trogen. 

a 
.1 

o 

11 

w  S 

5 

N 

o 

® 

a 
3- 

o 

o 

ll 

® 

p 

11 

a 

a 

New   Jersey    Experiment    Station,  J.  P.  Street, 
analyst 

4.75 
4.68 
4.77 
4.72 
4.71 

4.65 
4.68 
4.68 
4.68 
4.69 

4.73 
4.73 

1.90 
1.86 
1.90 

4.53 
4.55 
4.61 
4.55 

4.50 
4.53 
4.56 

2.01 
1.99 
2.01 
2.01 
1.99 

2.00 
2.03 
2.02 
1.95 

North  Carolina  Experiment  Station,  F.  B.  Carpen- 
ter, analyst 

1.91 
1.86 

1.92 
1.90 

4.47 
4.46 
4.50 
4.48 
4.49 
4.52 

4.55 
4.55 

2  00 

2.02 
2.02 

Maine  Experiment  Station : 

L.H.Merrill,  analyst.            

4.47 
4.55 

J.  M.  Bartlett,  analyst 

4.74 

4.66 

1.87 
1.89 
1.95 
1.97 
1.93 

1.95 
1.90 

2.04 
2.02 
1.98 
2.00 
2.01 
2.03 

2.02 

2  00 

4.69 
4.73 
4.71 
4.73 
4.63 
4.66 

4.51 
4.52 
4.49 
4.53 
4.49 
4.52 

2.03 

2.05 





.A-Tera'^'e     ........ 

4.73 

4.71 

1.90 

1   91      d.   1^9 

4.51 

1.98 

1  98 

COMMENTS    OF   ANALYSTS. 


H.  W.  Wiley. — In  determining  nitric  nitrogen  by  the  modified  Ulsch  method,  we 
obtained  better  results  with  a  larger  quantity  of  MgO  than  3  grams. 

F.  B.  Carpenter. — My  first  determinations  by  the  modified  Ulsch  method  were  lower 
than  those  given  above,  due  probably  to  incomplete  distillation.  The  results  given 
were  obtained  by  distilling  nearly  to  dryness,  using  5  to  7  grams  MgO .  It  also  seems 
necessary  to  agitate  the  flask  occasionally  while  the  digestion  with  H2SO4  and  iron 
is  going  on,  that  the  material  may  be  washed  down  from  the  sides  of  the  flask. 
By  using  projDer  precautions  the  method  gives  good  results,  but  I  believe  there  is 
more  liability  of  error  than  with  the  zinc-iron  method,  with  which  I  experienced  no 
difficulty. 

7^.  J.  Davidson. — The  Ulsch  method  with  us  proved  very  unsatisfactory,  but  we  had 
no  heavy  MgO,  and  possibly  that  may  have  been  the  cause  of  our  poor  results. 

E.  P.  Stone. — In  determining  the  total  nitrogen  by  the  Fassbender  method,  I  could 
get  no  good  results. 

C.  G.  Hopkins. — My  results  obtained  from  the  samples  when  the  bottles  were  full 
were  higher  than  those  obtained  later  when  the  bottles  were  nearly  empty,  dne  I 
think  to  mechanical  separation.     In  working  the  modified  Ulsch  method,  I  found  it 
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better  to  take  10  grams,  dissolve,  make  np  to  250  cc,  aud  take  25  cc  for  a  determina- 
tion, then  using  XaOH  for  the  distillation  instead  of  MgO;  25  cc  of  XaOH  solution 
was  used,  and  the  whole  diluted  to  250  cc,  then  the  distillation  was  quickly  made 
and  solution  did  not  become  concentrated. 

H.  C.  Sherman. — In  the  Ulsch  method,  5  grams  MgO  were  used;  3  grams  gave  low 
results.  The  Ulsch  method  for  nitric  nitrogen  was  more  satisfactory  than  the  zinc- 
iron.  It  is  much  more  rapid  and  gives,  if  5  grams  of  magnesia  are  used  and  distilla- 
tion carried  nearly  to  dryness,  more  concordant  results.  In  working  the  zinc-iron 
method,  it  Avas  extremely  difficult  to  prevent  soda  being  carried  over  mechanically. 

The  Fassbender  method  for  total  nitrogen  seems  to  give  very  good  results  if  the 
sample  is  first  thoroughly  mixed  with  Avater  and,  after  adding  iron  and  dilute  sul- 
furic acid,  allowed  to  stand  for  half  an  hour  before  heat  is  applied  or  strong  acid 
added;  otherwise  the  results  are  low.  On  account  of  the  nature  of  sample  Xo.  2  it 
was  very  difficult  to  mix  thoroughly  with  water,  and  this  probably  accounts  for  the 
slightly  low  results.  As  both  of  the  official  methods  commonly  used  depend  upon 
the  fixation  of  nitric  nitrogen  by  salicylic  acid,  while  this  does  not,  it  would  prob- 
ably be  useful  as  a  check  method. 

F.  ir.  Trapha(jen. — In  the  magnesia  method,  digested  in  500  cc  Kjeldahl  tlask, 
using  the  bulb  tube  in  place  of  dropping-tube  suggested,  after  the  five  minutes 
digestion  with  reduced  iron,  washed  this  tube  with  H::0,  added  water  to  flask,  then 
added  the  water  and  MgO  and  distilled  from  same  flask  through  same  bulb  tube. 
This  tube  is  the  ordinary  single  bulb.     Used  no  asbestus  plug. 

In  zinc  iron  method  used  same  bulb  tubes  without  plug. 

If  results  are  reliable,  would  much  prefer  the  magnesia  method  on  account  of  ease 
of  manipulation  and  saving  of  time. 

E.  C.  Kedzie. — In  the  Kjeldahl  method  we  put  the  acid  in  the  digestion  flask  before 
putting  the  substance  in,  and  by  this  method  we  find  mixing  much  easier.  Sub- 
stance and  acid  are  mixed  and  allowed  to  stand  about  an  hour  at  room  temperature 
before  heating.  With  the  Osch  method  for  nitric  nitrogen  we  found  it  necessary 
to  use  6  grams  of  MgO. 

REPORTS   OF   FOREIGN   CHEMISTS. 

Two  reports  only  from  foreign  chemists  have  been  received: 

Dr.F.H.  ll'ermskiold,  of  Christiania,  Xoruay. — Sample  Xo.  2:  Total  nitrogen,  4. .56, 
by  Kjeldahl-.Jodlbauer  method:  nitric  nitrogen,  1.48,  by  Schloesing's  method. 
Dr.  Fasshender,  of  the  Exxjeriment  Station  at  Ktmpen  on  the  Rhine, — Sample  Xo.  2: 

Per  cent.                                                                                Per  cent. 
Total  nitrogen ^  f "  ^^     Xitric  nitrogen \  2.  22 


^4.72 
Mean  


Mean 2. 22 


The  total  nitrogen  was  estimated  by  the  method  given  by  Fassbender  in  his  last 
years  report.     The  nitric  nitrogen  Avas  estimated  as  follows  : 

In  a  shallow  tin-foil  schaelchen,  place  1  gram  of  the  fine-ground  material  and  add 
3  cc  of  a  50  per  cent  sulfuric  acid  solution,  and  stir  well  Avith  a  small  glass  rod. 
Dry  for  four  hours  at  a  temperature  of  from  60°  to  80°,  and  then  for  one  hour  at  a  tem- 
perature of  from  120°  to  130°.  The  moist  mass  remaining  in  the  schaelchen  is  by  this 
process  rendered  completely  free  of  nitric  nitrogen .  The  schaelchen  and  its  contents 
are  next  placed  in  an  oxidation  flask  of  the  Kjeldahl  pattern,  and  subjected  to  moist 
combustion  with  sulfuric  acid.  The  percentage  of  nitrogen  obtained  subtracted 
from  the  original  percentage  giA^es  the  percentage  of  nitric  nitrogen.  In  the  case 
mentioned,  the  original  nitrogen  Avas  4.69  per  cent.  After  treatment  as  above,  the 
nitrogen  Avas  2.47  per -cent;  diftereuce  equals  2.22  per  cent,  representing  the  total 
nitric  nitrogen. 
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DISCUSSION   OF   RESULTS. 

The  results  as  a  whole  are  very  satisfactory  and  show  great  improvement  over 
those  obtained  a  few  years  ago.  Out  of  thirty-four  determinations  of  total  nitrogen 
on  sample  No.  2,  by  the  official  methods,  thirty  are  within  0.1  per  cent  of  the 
average.  Of  the  remaining  four,  one  is  0.18  higher,  one  0.2  low  er,  one  0.19  lower, 
and  one  0.12  higher.  Three  of  these  results  could  hardly  he  called  passable  for  nitro- 
gen work,  but  aside  from  these  it  would  be  very  difficult  to  find  a  lot  of  determina- 
tions made  by  so  many  different  men  agreeing  so  closely.  AVith  one  exception  the 
analysts  who  tried  the  Fassbender  method  were  much  pleased  with  it.  If  it  proves 
always  reliable,  as  it  seems  to  be,  I  should  much  prefer  it  to  any  other  method  now 
in  use  in  presence  of  nitrates,  as  the  digestion  can  be  completed  in  much  less  time. 

Mr.  Street  and  Mr.  Merrill  have  used  the  method  in  their  regular  work  beside  the 
official  methods — the  best  test  that  can  be  applied  to  a  method — and  as  will  be  seen 
by  the  results  given,  it  worked  very  satisfactorily.  There  were  two  samples,  however, 
high  in  nitrogen,  that  gave  Mr.  Merrill  considerable  trouble,  and  he  obtained  several 
results  by  the  Fassbender  method  that  were  too  low,  but  by  digesting  for  quite  a 
long  time  on  the  steam  bath  bef  re  adding  strong  acid,  good  results  were  finally 
obtained. 

The  two  methods  for  determining  nitric  nitrogen  on  trial  have  given  quite  satis- 
factory results  in  the  hands  of  most  of  the  chemists.  As  will  be  seen  by  their 
remarks,  the  chemists  are  about  evenly  divided  as  to  choice  of  methods. 

Both  processes  seem  to  be  perfectly  reliable  when  properly  worked. 

I  much  prefer  the  Ulsch  myself,  as  it  is  more  rapid  and  requires  less  attention  when 
making  the  distillation.  I  found  no  difficulty  in  making  a  distillation  in  thirty  min- 
utes when  I  used  5  grams  of  the  light  MgO ;  3  grams  does  not  seem  to  be  sufficient. 
I  think  that  possibly  it  would  be  well  to  take  5  or  10  grams  of  the  substance,  leach 
the  nitrate  out  from  the  organic  matter,  and  take  an  aliquot  part  for  the  determina- 
tion; then  distill  with  NaOH.  There  would  be  less  liability  of  incomplete  distilla- 
tion, and  the  ammonia  could  be  determined  in  a  portion  of  the  same  solution.  The 
method  for  determining  nitric  nitrogen  i)resented  by  Dr.  Fassbender  this  year  may 
be  worthy  of  our  consideration,  as  it  does  not  require  the  determination  of  ammonia. 

RECOMMENDATIONS. 

(1)  I  recommend  that  the  Ulsch-Street  method,  as  given  in  my  circular  letter, 
except  that  5  grams  of  MgO  be  used  instead  of  3,  be  made  an  official  method  for  deter- 
mining nitric  nitrogen. 

(2)  That  the  Zn-Fe  method  be  made  an  alternate  method  for  determining  nitric 
nitrogen. 

(3)  That  the  association  print  a  method — the  MgO  method — for  determining  ammo- 
nia in  presence  of  organic  nitrogen. 

I  also  suggest  that,  in  view  of  the  fact  that  the  Fassbender  method  for  determining 
nitrogen  in  presence  of  nitrates  promises  so  well,  those  chemists  engaged  in  work  on 
fertilizers  test  it  beside  the  official  methods  with  a  view  to  adopting  as  an  official 
method  next  year. 
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Table  comparing  the  Fassbender  ivith  the  official  method  in  regular  ivork. 
[By  L.  H.  Merrill.] 


Gunning. 

Fass- 
bender. 

Differ- 
ence. 

Gunning. 

Fass- 
bender. 

Differ- 
ence. 

!  Gunning. 

Fass- 
bender. 

Differ- 
ence. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

2.21 

2.27 

^   .06 

1.96 

1.94 

—  .02 

2.82 

2.70 

—  .12 

2.86 

2.79 

—  .07 

4.08 

4.13 

+  .05 

1.99 

1.93 

—  .06 

2.05 

2.05 

2.30 

2.39 

+  .09 

1.07 

1.10 

+  .03 

2.03 

2.05 

+   .02 

3.50 

3.57 

+  .07 

2.90 

2.86 

-.04 

3.61 

3.55 

—  .06 

2.43 

2.48 

+  .05 

j          2.25 

2.28 

+    .03 

2.26 

2.19 

—  .07 

4.77 

4.82 

+  .05 

1          2.70 

2.68 

-.02 

2.13 

2.05 

—  .08 

1.00 

1.00 

2.07 

1.99 

-.08 

2.30 

2.30 

2.01 

1.96 

—  .05 

2.  72 

2.70 

—  .02 

2  17 

''  10 

07 

1  16 

1. 10 

.06 

2.04 

2.04 

3.39 

3.39 

3.24 

3.15 

—  .09 

1.29 

1.20 

—  .09 

2.07 

2.05 

—  .02 

1.00 

.94 

-.06 

In  nine  cases  Fassbender  gave  higher  results,  averaging  0.05;  in  eighteen  cases 
Fassbender  gave  lower  results,  aA^eraging  0.06;  in  five  cases  Fassbender  gave  same 
results.  l"or  the  thirty-tAA'o  cases  the  average  was  0.2  per  cent  lower  for  the  Fass- 
bender. 

Table  comparing  Fassbender s  with  the  official  method  in  regular  icork. 

[By  J.  P.  Street.] 
FASSBENDEK'S  HEATED. 


Official 
method. 

Fass-    i 
bender 
method. 

Official 
method. 

Fass-    ! 
bender 
method. 

Official 
method. 

Fass- 
bender 
method. 

Official 
method. 

Fass- 
bender 
method. 

Official 
method. 

Fass- 
bender 
method. 

Per  cent. 

Percent. 

Per  cent. 

Percent. 

Per  cent. 

Percent.i 

Percent. 

Per  cent. 

Percent. 

Percent. 

3.58 

3.67 

2.89 

2.87 

3.41 

3.42 

3.60 

3.69 

1.99 

2.05 

3.20 

3.20 

3.61 

3.64  1 

3.73 

3.75 

3.00 

2.96 

2.88 

2.87 

3.39 

3.48 

2.51 

2.57 

2.59 

2.54 

3.96 

3.99 

4.94 

4.98 

7.90 

7.99 

2.60 

2.62 ; 

2.45 

2.38 

4.90 

4.98 

4.47 

4.58 

2.47 

2.57 

2.41 

2.38 

1.23 

1.26 

3.21 

3.31 

4.59 

4.66 

3.74 

3.81 

2.85 

2.91 

7.11 

7.09 

2.51 

2.49 

3.59 

3.61 

2.89 

2.81 

2.35 

2.34 

3.28 

3.17 

3.06 

3.14 

1.87 

1.84 

3.38 

3.41 

1.03 

1.00 

1.20 

1.18 

3.06 

2.10 

2.66 

2.70    ' 

3.85 

3.90 

1.91 

1.84 

4.85 

4.80 

3.00 

3.06 

1  3.  04 

'  3.  07 

3.62 

3.71 

3.57 

3.67 

i 

1.96 

1.88 

FASSBENDER'S  JTOT  HEATED. 


3.03 

2.94 

2.48 

2.55 

2.93 

2.91  ' 

6.45 

6.37 

2.52 

2.64 

2.72 

2.77 

2.43 

2.42 

2.  46 

2.52 

3.52 

3.51 

1.17 

1.24 

2.24 

2.21 

2.12 

2.10 

2.69 

2.78 

3.12 

3.14 

2.48 

•2.44 

.97 

.98 

2.31 

2.22 

2.56 

2.63 

3.33 

3.23 

2.10 

1.99 

2.51 

2.51 

3.39 

3.44 

3.87 

3.96 

2.91 

2.99 

,         1.21 

1.  29 

.73 

.71 

2.91 

2.  93 

4.43 

4.51 

2.64 

2.74 

2.81 

2.  85 

3.41 

:;.44 

3.94 

4.02 

4.68 

4.71' 

2.22 

2.12 

1        7.51 

7.59 

1.42 

1.43 

2.71 

2.74 

2.85 

2.87 

2.28 

2.32 

1        4.15 

4.24 

1.67 

1.68 

2.71 

2.76 

3.16 

3.21  1 

2.95 

3.04 

3.  53 

3.56 

3.74 

3.65 

1.60 

1.58 

1.33 

1.33  1 

1.96 

1.89 

2.16 

2.  14 

1.80 
3.02 

1.80 
2.91 

3.39 
3.09 

3.46 
3.08 

2.16 
2.58 

2.  22 
2.57 

3.14 
3.08 

3.11 
3.11 

;       »  2.  90 

'  2.  92 

3.68 

3.76 

7.17 

7.23 

Average. 
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At  the  conclusion  of  the  report  the  president  called  for  papers  relat- 
ing to  the  estimation  of  nitrogen.     The  following  were  presented* 

THE  DETEEMINATION  OF  NITEIO  MTEOGEN. 
By  H.  C.  Sherman. 

In  the  hands  of  the  writer  the  Ulsch-Street  method  for  nitric  nitrogen  in  mixed 
fertilizers  is  both  more  rapid  and  more  accurate  than  the  zinc-iron  method.  The 
caustic  soda  used  in  the  latter  method  converts  some  of  the  organic  nitrogen  into 
ammonia  during  the  distillation,  and  considerable  attention  is  necessary  to  i)revent 
the  soda  itself  being  carried  over  mechanically. 

In  working  with  the  Ulsch-Street  method,  I  used  2  grams  reduced  iron,  10  cc  sul- 
furic acid  (1.35  S]).  gr.),  and  5  grams  of  magnesia  (instead  of  3  grams,  as  directed  by 
the  reporter).  I  always  distilled  nearly  to  dryness,  or  until  the  cont  ent  of  the  flask 
was  reduced  to  about  30  cc,  irrespective  of  the  length  of  time  required.  A  sample 
boiled  gently  for  forty  minutes,  so  that  abuut  two-thirds  of  the  liquid  was  distilled, 
yielded  only  about  two-thirds  of  its  ammonia.  I  think  the  low  results  which  have 
often  been  obtained  by  this  method  are  probably  due  to  insufficient  distillation. 

I  have  tried  this  method,  carried  out  as  just  described,  on  a  few  samples  of  known 
composition  with  the  following  results : 

j^itric  nitrogen  in  mixed  fertilizers  of  known  composition. 


No, 


Description  of  sample.  I    j^wi^' 


Found. 


Per  cent.    Per  cent. 

l^a^Os,  (NH4)2  SO4,  KCl,  acid  phosphate I  6. 47  ;  6. 40 

Jf aXOs,  bone  phosphate,  dried  blood,  ammonite ■  3. 14  I  3. 14 

IfalSIOs,  tobacco  stems,  cottonseed  meal,  castor  pomace \  5.  29  1  5.  26 

Reporter's  sample,  1893 3. 46  j  3. 36 

Eeporter's  sample,  1894 1. 91  |  1. 84 


Average 4. 05  I  4. 00 


These  samples,  although  few,  represent  the  greatest  variety  of  fertilizing  mate- 
rials, and,  in  view  of  the  high  x>ercentages  of  nitric  nitrogen,  the  results  are  cer- 
tainly very  satisfactory. 

THE  AVAILABILITY  OP  OEaANIO  MTEOGEIf  IN  MIXED  PEETILIZEES. 

By  S.  H.  T.  Hayes. 

Agriculturally  considered,  the  nitrogen  question  is  an  important  one,  for  its  pres- 
ence and  nature  in  the  soil  probably  influences  more  than  any  other  ingredient  of 
plant  food  the  fertility  of  the  soil.  That  particular  phase  of  the  subject,  its  avail- 
ability for  plant  use,  is  coming  to  receive  more  attention  as  the  importance  of  it  is 
better  understood. 

Nitrogen  is  not  only  the  most  expensive  element  in  a  complete  fertilizer,  but  it 
comes  from  a  large  number  of  sources,  animal  and  vegetable,  and  its  value  in  these 
different  materials  enjoys  an  equally  wide  range.  Hence,  the  necessity  of  a  method 
for  determining  the  agricultural  value  of  this  element,  especially  in  such  cases  as  in 
the  analysis  of  a  mixed  fertilizer  when  the  identity  of  the  organic  material  supply- 
ing it  is  lost.  This  demand  applies  only  to  organic  material.  Nitrogen  present  as 
nitrates  or  ammonia  salts  may  readily  be  detected  and  estimated  by  existing  methods. 

Together  with  this  variation  in  value,  ranging  bet^veen  zero  in  raw  leather  and 
16^  cents  in  blood,  meat,  fish,  etc.,  is  the  rapidly  increasini?  trade  in  commercial 
fertilizers,  which  during  the  last  decade  is  estimated  to  have  doubled,  and  which 
must  continue  as  the  virgin  fertility  of  the  soil  decreases  and  as  the  population  mul- 
tiplies.    The  demand  is  therefore  urgent,  if  justice  is  to  be  done  to  consumer  and 
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manufacturer,  that  a  method  be  perfected  without  delay,  combining,  if  possible, 
rapidity,  simplicity,  and  accuracy,  which  shall  indicate  within  reasonable  limits  the 
availability  of  organic  nitrogen  in  fertilizers.  It  is  all  the  more  important  when  we 
take  into  consideration  the  presejit  system  of  rating  all  organic  nitrogen  as  found  in 
a  fertilizer  analysis  as  of  the  highest  grade. 

DESCRIPTION    OF    MATERIALS    USED    IX   EXPERIMENTS. 

Leather  meal. — Preparation  not  known.  It  had  been  roasted,  steamed,  or  other- 
wise treated,  rendering  about  half  of  it  brittle  enough  to  be  easily  pulverized,  the 
remainder  having  the  fibrous  texture  characteristic  of  ground,  raw  leather. 

Hoof  and  horn  meal. — Was  fine,  and  pulverized  to  an  impalpable  powder  quite 
readily. 

Cotton-seed  meal. — Yellow  and  nice  looking;  6.9  per  cent  nitrogen. 

Castor  pomace. — Contained  4.7  per  cent  nitrogen. 

Dried  blood. — Pulverized  with  difficulty;  13.66  per  cent  nitrogen. 

Baw  leather. — Ground  sole  leather  scrap. 

All  material  ground  to  pass  1  mm.  niesh  sieve,  except  leather. 

FRACTIONAL   TREATMENT   WITH    SULFURIC   ACID. 

Thus  far  the  pepsin  digestion  and  putrefactive  method  have  been  the  only  ones 
used  in  the  laboratory  for  attempting  to  determine  the  approximate  amount  of  nitro- 
gen available  in  organic  substances  used  as  fertilizer.  Both  methods,  especially 
putrefaction,  consume  much  time,  besides  failing  with  certain  classes  of  material  to 
give  anything  like  true  indications.  The  value  of  a  method  that  shall  combine 
simplicity,  brevity,  and  accuracy  is  therefore  obvious. 

The  destructive  (oxidizing)  effect  of  sulfuric  acid  upon  organic  material,  with 
the  consequent  production  of  ammonia,  suggested  the  possibility  of  the  effect  of 
weaker  acid  solutions  acting  for  a  given  time  indicating  something  as  to  the  avail- 
ability of  the  nitrogen  for  plant  use,  determining  the  amount  of  nitrogen  evolved. 
Accordingly,  tried  the  effect  of  boiling  1  gram  of  the  various  kinds  of  material  in 
20  cc  of  1  per  cent,  10  jjer  cent,  and  20  per  cent  solution  of  H2SO-!  for  five  and  ten 
minutes.  Owing  to  a  strong  tendency  to  bump  while  boiling  and  iuability  to  insure 
constant  flame  in  each  case,  resorted  finally  to  steam  boiling  on  water  bath,  increasing 
time  of  treatment.     The  influence  of  digesting  in  pure  water  was  also  determined. 

Tabulated  results  showing  per  cent  of  total  nitrogen  evolved  are  as  follows : 


Leather 
meal. 

Ground 
tank- 
age. 

Hoof 

and 

horn 

meal. 

Cotton- 
seed 
meal. 

ground 
fish. 

Castor 
pomace. 

Dried 
blood. 

Total  nitrogen 

Per  ct. 
7.20 

3.69 
3.53 
3.99 
2.83 
3.96 
L09 

4.04 

3.97 

Per  ct. 
7.21 

5.82 

7.71 
5.43 
5.55 
3.62 

6.60 

Per  ct. 
15.12 

6.48 
8.73 
10.10 
4.67 
5.97 
3.01 

6.32 

7.87 

3.97 

Per  ct. 
6.90 

10.00 

Per  ct. 
8.91 

?,  an 

Per  ct. 
4.70 

8.32 
7.52 

Per  ct. 
13  66 

Boiled  5  minutes    in    20  cc   10  per   cent 
H.SOi 

3.72 

Boiled  lOminutes  in  20  cc  10  per  cent  acid. . 
Boiled  5  minutes  in  20  cc  20  per  cent  acid  . . 
Boiled  10  minutes  in  20  cc  1  per  cent  acid. . 
Boiled  20  minutes  in  20  cc  1  per  cent  acid. . 

Steam  heated  2  hours  in  20  cc  H2O 

Steam  heated  2  hours  in  20  cc  1  per  cent 

8.  96         8. 11 
10.16         8.10 
4.09  1       4.00 
6.89         5.41 
3.  76         2.  87 

8.57  1      fi  i« 

4.17 
6.04 
3.28 
5.02 
.35 

4  66 

Steam  heated  4  hours  in  20  cc  1  per  cent 

10.38 
8  34 



5.24 

Steam  heated  2  hours  in  1  jier  cent  acid  X 
in  KH3  in  solution  determined  by  Ness- 
ler  test 

5  08 

1  99 

7388— No.  47- 
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Solutions  were  filtered  at  close  of  digestion,  and  nitrogen  determined  in  filtrate  by- 
usual  method  of  distilling  from  alkaline  (NaOH)  solution. 

The  indifference  manifested  on  the  part  of  dried  blood  in  these  treatments  was 
quite  noticeable,  in  several  instances  the  results  being  scarcely  above  those  of 
leather,  although  compared  with  results  obtained  with  plants  on  the  same  materials 
not  so  remarkable. 

Digesting  in  pure  water  gave  rise  to  a  more  considerable  evolution  of  ammonia 
than  was  anticipated,  results  not  diifering  much,  however,  in  relation  to  each  other, 
except  in  dried  blood,  from  those  obtained  from  weak  acid  under  some  conditions. 
Hydrolysis  by  water  or  weak  acid  is  probably  the  first  stage  in  rendering  organic 
nitrogen  available  in  the  soil. 

To  determine  whether  all  the  nitrogen  found  by  distilling  filtrate  from  alkaline 
solution  was  in  the  form  of  NH3  at  the  beginning  of  distillation  made  by  using 
Nessler  reagent.  The  results  given  in  the  determination  of  NH3  show  smaller 
amounts  (.2-2.67)  in  each  instance,  except  with  leather.  The  considerable  varia- 
tions are  doubtless  due  to  difficulty  in  diluting  to  necessary  extent  and  preserving 
a  representative  mixture. 

To  determine  the  action  of  H2SO4  on  pure  albumen,  treated  egg  albumen  with  1 
per  cent  and  10  per  cent  acid,  with  the  following  results : 

Total  nitrogen per  cent...     1.85. 

Steam  heated  one  hour  in  20  cc  acid do 8.  92  of  total  nitrogen. 

Steam  heated  one  hour  in  20  cc  10  per  cent  acid do 11.  20  of  total  nitrogen. 

DIGESTIONS  llSr  BARIUM  HYDROXID  Ba(0H)2. 

In  studying  the  decomposition  products  resulting  from  treatment  of  the  proteids 
with  various  reagents,  O.  Nasse,  and  subsequently  Schutzenberger,  found  among  a 
large  number  of  other  products  that  ammonia  was  produced  in  varying  quantities 
according  to  the  material. 

To  determine  whether  the  amount  of  ammonia  set  free  by  treatment  with  this 
reagent  would  to  any  marked  degree  indicate  the  agricultural  value  of  the  material 
as  treated,  subjected  1  gram  each  of  leather  meal,  hoof  and  horn,  cotton  seed,  and 
dried  blood  to  digestion  for  one  hour  in  100  cc  of  a  saturated  solution  of  Ba(0H)2 
in  a  distilling  flask  over  low  flame.  The  flask  was  connected  with  a  condenser  and 
standard  acid,  that  no  loss  of  NHa  might  occur  during  digestion.  After  digesting, 
boiling  for  an  hour  over  low  flames,  the  heat  was  increased,  half  the  solution 
distilled  off,  and  the  per  cent  of  total  nitrogen  of  the  material  determined  from 
content  in  standard  acid. 

Following  are  the  results  of  preliminary  treatments  which  did  not  seem  to  justify 
further  investigation : 


Total  nitrogen 

Boiled  two  hours  in  100  cc  Ba(0H)2 


Leatlier 
meal. 


Per  cent. 
7.20 
2.64 


Hoof  and 
horn 
meal. 


Per  cent. 

15.12 

7.46 


Cotton- 
seed 
meal. 


Per  cent. 
C.90 
7.68 


Dried 
blood. 


Per  cent. 
13.66 
3.07 


PEPSIN   DIGESTION   OF   MATERIAL   UNDER   CONSIDERATION. 


By  way  of  check  on  results  made,  pepsin  digestions  of  the  different  materials,  as 
the  results  of  a  carefully  conducted  series  of  experiments  at  the  Connecticut  Experi- 
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ment  Station,  show  that  the  availability  of  nitrogen  is  quite  satisfactorih'  indicated 
by  tbe  amount  digested  in  jiepsiu  solution  in  most  cases: 


Leather 
meal. 


Ground    ^^Ji^    Cotton-      Dry      Castor 
tank-       ur..^        seed     ground     pom- 
age.       ^«™       meal.       ii.sh.        ace. 


Dried 
blood. 


Eaw 
hoof 
meal. 


1  er  ct.  Per  ct.  Per  ct. 

Total  nitrogen 7. 2U  7.21  15.12 

Per  cent  of  total  nitrogen  digested 

by  pepsin 58.10  86.34  32.08 


Per  ct. 

Per  et. 

Per  ct. 

Per  ct. 

6.90 

8.91 

4.70 

13.66 

82.  2S 

80.  03 

87.77 

97.47 

Per  ct. 
14.30 


60.37 


The  above  results  do  not  differ  materially  from  those  found  by  others  on  the  same 
kind  of  material,  excejjt  in  case  of  the  leather,  the  mechanical  condition  of  which 
showed  effect  of  some  vigorous  treatment  in  preparation,  and  raw  hoof  meal,  with 
which  there  were  no  figures  to  compare. 

DIGESTIOX.S  IX  KMn04  SOLUTIONS. 

In  accordance  with  an  idea  suggested  by  the  analysis  of  water,  using  an  alkaline 
potassium  permanganate  solution  to  convert  albuminoid  nitrogen  into  free  ammonia, 
subjected  a  gram  of  material  of  the  different  types — leather,  cotton  seed,  hoof  and 
horn,  and  dried  blood — to  digestion  under  similar  conditions  to  those  used  in  Ba(0H)2 
treatment  (flask  connected  with  condenser  and  receiver  containing  standard  acid), 
"the  yield  of  ammonia  was  considerably  greater  than  obtained  with  baryta  water,  but 
the  relation  little  changed. 

Used  same  amount  of  solution  as  above  (100  ccj,  leaving  out  the  potassium  hydroxid 
(?:<  grams  of  KMn04  per  liter),  which  had  the  effect  of  relatively  increasing  the  yield 
of  XHo  from  dried  blood,  also  raising  the  per  cent  of  yield  of  cotton  seed's  nitrogen 
above  that  of  hoof  and  horn. 

Increasing  the  amount  of  KMn04  to  16  grams  per  liter,  and  using  such  quantities 
of  material  as  rex^resented  practically  the  same  content  of  nitrogen  (1  gram  cotton- 
seed meal  as  standard),  gave  results  on  which  to  base  hopes  for  the  possible  solution 
of  the  problem  in  hand;  bone  dust,  however,  giving  far  higher  results  than  are  war- 
ranted by  the  vegetation  tests,  while  leather,  having  a  pepsin  digestion  coefficient 
of  38,  is  below  raw  leather.  It  is  evident  that  considerable  work  has  yet  to  be  done 
on  the  subject,  po-ssibly  only  to  And  that  the  above  method  or  some  modification  of 
it  has  failings  equally  as  objectionable  as  those  of  the  pepsin  method.  The  sim- 
plicity of  the  method  is  much  iu  its  favor.  Also  made  digestions  as  above  in  the  acid 
I^ermanganate  solution  QO  per  cent  H^SO^,  8  grams  KMn04  per  liter). 


58 

'3  Si) 
g 


P.  ct.  I  P.  ct.    p.  ct. 

'28.69   24.17 

i 

I 


Boiled  1  hour   in  100  cc  alkaline     P.ct 

permanganate 13. 58 

Boiled  1    hour  in  100   cc  neutral 

permanganate |  1. 98  ' I  5. 02     6. 01 

Boiled  1  hour  in  acid  KMn04 115.82    11.21 

BoUed  1  hour  in  KMn04  solution. 

16  grams  per  liter 3.12   13.41    11.39     8. 87 


P.ct. 


P.ct. 


P.ct. 
18.13 


4.74 
10.20 


9.47  ill.  80   11.53 

I 


P.ct. 


P.ct.    Perct. 


...      14.03 
14.56   16.37         3.59 
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Equal  amounts  of  material  to  equal  quantities  of  nitrogen,  cotton  seed  as  standard. 
The  difference  between  treating  equal  amounts  of  material  and  equal  quantities 
of  nitrogen  is  also  Lrouglit  out  in  digesting  raw  lioof  meal  in  KMn04  solution. 


Hoof  and   Eawhoof 
horn  meal.      meal. 

Per  cent,  i  Per  cent. 
7.46               8.77 

9.  87  !          14  56 

The  necessity  of  treating  approximately  equal  amounts  of  nitrogen,  and  not  of  total 
material,  is  therefore  apparent. 

In  conclusion,  it  may  he  said  that  of  the  various  methods  tried  the  digesting  in 
KMnO^  solution  gives  most  encouragement.  Whether,  if  it  is  in  some  way  modified, 
it  can  he  made  useful,  has  yet  to  he  proven  hy  comparisons  with  plant  tests  on  the 
same  material. 

The  association  adjomued  to  meet  at  9.30  a.  m.  Saturday. 

THIRD  D^Y. 
SATURDAY— MOENING  SESSION. 

The  meeting-  was  called  to  order  at  9.30  o'clock  with  the  president  in 
the  chair. 

The  president  called  for  the  report  of  the  committee  on  recommenda- 
tions for  soil  analysis. 

Mr.  LiNDSBY.  The  committee  recommends  the  Goss  method  as  an 
alternate  method  of  determining  phosphoric  acid  in  soils.  The  princi- 
ple is  that  the  soil  is  boiled  about  an  hour  in  sulfuric  acid  with  a  little 
mercury.  The  maximum  solubility  of  phosphoric  acid  is  secured  in  that 
time. 

The  President.  What  is  the  objection  to  changing  that  to  the  term 
adopted  by  the  committee,  "optional  method f" 

After  some  discussion,  tlie  recommendation  of  the  committee  was 
adopted. 

Mr.  LiNDSEY.  The  method  for  total  nitrogen  reads  at  present,  "is 
determined  by  the  Kjeldahl  method,  modified  to  include  nitrates,  as 
described  in  the  methods  for  determining  nitrogen,  using  14  grams  of 
soil,''  etc.  The  recommendation  is  to  modify  it  to  read,  "as  described 
in  the  methods  for  determining  nitrogen,  using  from  7  to  14  grams  of 
soil  excex)t  in  cases  of  muck  or  x^eat  soils." 

Mr.  Brown.  In  the  method  for  the  determination  of  nitrogen  in  the 
soil  it  has  been  found  that  the  amount  of  sulfuric  acid  prescribed  is  not 
enough.  The  amount  of  acid  mentioned  Avill  hardly  moisten  14  grams 
of  soil,  and  in  order  to  boil  the  soil  with  sulfuric  acid  considerably  more 
acid  must  be  added. 

Mr.  Frear  indorsed  the  opinion  of  Mr.  Brown  that  the  quantity  of 
acid  was  entirely  too  small,  but  he  would  like  to  insert,  for  the  benefit 
of  inexpert  analysts,  a  suggestion,  that  in  the  case  of  peat  or  muck 
soils  smaller  quantities  of  material  might  be  used. 
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Mr.  LiNDSEY.  That  was  considered  by  the  committee;  bat  we 
thought  if  a  person  was  not  competent  enough  to  know  that,  lie  liad 
better  not  do  soil  analyses. 

Mr.  Cxoss.  I  agree  with  Mr.  Brown.  As  the  matter  stands,  there  is 
too  much  soil  and  too  little  acid. 

Tlie  President.  I  think  x^ossibly  apart  of  this  discussion  might  be 
settled  by  the  committee  to  edit  this  material. 

]\lr.  Wiley.  I  don't  think  the  analyst  ought  to  be  restricted  in  regard 
to  the  amount  of  soil  nor  the  amount  of  sulfuric  acid.  The  one  depends 
on  the  content  of  nitrogen  and  the  other  on  the  amount  of  soil  subjected 
to  moist  combustion. 

After  some  further  discussion.  Mr.  Frear  moved  to  amend  the  recom- 
mendation of  the  committee  so  as  to  strike  out  all  the  iirst  sentence  of 
paragraph  13,  after  the  word  '' nitrogen,"  on  the  second  line. 

Tlie  motion  as  amended  was  carried. 

Mr.  LiXDSEY.  On  page  391,  Xo.  2  reads  ''from  50  to  100  cc  of  solu- 
tion A  are  neutralized,"  etc.  We  would  like  to  insert  after  '^A"  the 
words  '-after  the  addition  of  enough  ferric  chlorid  to  combine  with  the 
phosphoric  acid  present.*' 

The  recommendation  was  adopted. 

Mr.  LiNDSEY.  On  page  390,  under  analysis  of  ash.  where  it  reads 
'•the  residue  is  moistened  with  from  2  to  3  cc  of  hydrochloric  acid,'^ 
we  recommend  that  it  be  changed  to  read,  ''from  5  to  10  cc  of  hydro- 
chloric acid." 

Mr.  Brown\  I  attempted  to  analyze  the  ash  this  year  sent  out  by  the 
association  by  the  method  given,  and  I  found  that  it  would  not  work. 

I  think  the  whole  raethod  of  ash  analysis  needs  to  be  looked  over 
and  revised.  It  ought  not  to  be  printed  as  it  is  without  revision.  All 
ashes  do  not  contain  more  phosphoric  acid  than  can  be  precipitated. 
It  is  necessary  to  specify  what  kind  of  ash  analysis.  I  think  it  hardly 
possible  to  give  one  method  for  the  analysis  of  ash  to  govern  all  cases. 
The  quantity  of  hydrochloric  acid  is  a  matter  of  detail.  Something 
should  be  left  to  the  judgment  of  the  chemist.  If  5  cc  won't  do,  use  10; 
and  if  10  won't  do,  use  20. 

Mr.  \Yheeler.  If  there  is  anything  wrong,  it  appears  that  the  com- 
mittee on  revision  of  methods  has  power  to  make  it  right. 

IMr.  Goss.  Merely  as  a  matter  of  information,  I  would  like  Mr.  Brown 
to  state  the  points  that  are  wrong. 

^Ir.  Browx.  It  would  take  too  much  time  to  state  all  my  reasons 
here,  but  I  will  go  over  the  whole  matter  with  Mr.  Goss  at  another  time. 

Mr.  Myers  agreed  with  Mr.  Wiley  in  thinking  it  unwise  to  prescribe 
exact  (juantities  in  case  of  soil  analysis. 

The  recommendation  of  the  committee  was  then  voted  upon  and 
carried. 

Mr.  Ltndsey.  I  would  state  as  a  committee  that  we  recognize  what 
Mr.  Whitney  has  said  with  reference  to  the  examination  of  the  physical 
properties  of  soil,  and  under  the  circumstances  do  not  think  it  advisa- 
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ble  to  give  this  over  to  any  special  reporter,  but  we  do  suggest  it  for 
the  consideration  of  the  association. 

The  President.  I  assume  that  this  goes  to  the  association  directly 
as  a  suggestion  and  requires  no  further  formal  action.  We  all  recog- 
nize the  importance  of  Mr.  Whitney's  work  and  we  are  all  interested 
in  it.  The  next  thing  is  the  report  of  the  recommendations  on  phos- 
phoric acid. 

Mr.  LiNDSEY.  On  page  342,  just  above  '' citrate-insoluble  phosphoric 
acid,"  it  is  recommended  that  it  be  changed  to  read,  "  filter,  wash  with 
2.5  per  cent  ammonia  until  free  of  chlorids,  burn  to  whiteness  or  gray 
white,  and  weigh." 

The  recomirxcndation  w^as  adopted. 

Mr.  LiNDSEY.  It  is  recommended  that  the  volumetric  method,  as 
described  by  Mr.  Kilgore,  be  made  an  alternate  or  optional  method. 

Mr.  Frear.  I  recognize  the  very  careful  work  which  Mr.  Kilgore  has 
put  upon  this  method  and  his  success  in  making  it  a  practical  working 
method  5  but,  as  fertilizer  chemists,  we  have  a  method  which  is  satisfac- 
tory and  from  which  this  method  has  a  constant  tendency  to  depart. 
The  departure  is  not  great,  but  still  it  seems  to  be  quite  constant  in  a 
given  direction.  It  is  possible  that  the  volumetric  method  is  more 
nearly  correct  than  the  gravimetric,  and  yet  the  difference  is  not  in 
most  cases  a  large  one.  If  the  method  had  been  tried  in  any  large 
fraction  of  the  fertilizer  laboratories  of  the  country  and  with  as  uniform 
success  as  it  has  obtained  in  three  or  four,  I  should  unquestionably 
favor  this  motion,  but  I  feel  compelled,  by  the  pressure  which  is  put 
upon  me  at  home,  to  be  conservative,  and  I  should  very  much  like  to 
see  the  method  fully  stated  in  the  list  of  methods  as  recommended  for 
use  as  a  check,  but  I  do  not  feel  that  I  can  vote  for  it  as  one  to  be  used 
in  combination  with  the  present  official  method  in  the  official  analysis 
of  fertilizers,  or  that  upon  which  xnincipal  reliance  is  to  be  placed,  until 
it  has  had  a  wider  test  than  it  has  had.  I  think  one  more  year  will 
prove  it  one  which  can  be  adopted  as  probablj^  the  method  which  we 
shall  use  chiefly,  because  of  the  great  economy  in  time.  But  until  we 
have  bad  this  test  I  feel  I  must  vote  in  the  negative  on  this  proposition. 
I  believe  it  a  good  method,  but  I  do  not  think  we  have  had  enough 
evidence  to  warrant  us  in  placing  it  in  the  position  which  the  recom- 
mendation would  give  to  it. 

Mr.  LiNDSEY.  Your  committee  hesitated  about  putting  in  this  rec- 
ommendation, but  we  did  so  on  this  ground,  that  I  was  told  that  a  year 
ago  the  committee  then  acting  went  over  the  method  carefully  and  were 
satisfied  that  it  was  worthy  of  being  placed  with  the  official  method; 
but  they  said,  for  the  sake  of  being  careful,  that  it  should  be  given 
another  year's  trial.  It  has  been  given  a  second  year's  trial,  and  has 
proved  as  good  as  a  year  ago.  We  recommend  it  as  a  whole  as  an 
optional  method,  although,  if  the  association  does  not  wish  to  adopt  it, 
it  might  be  recommended  as  a  check  method. 

Mr.  Wheeler.  I  think  it  would  be  well  for  Mr.  Kilgore  to  state 
what  materials  it  has  been  tested  with,  and  srive  a  summary  of  the  results 
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for  the  two  years.  The  committee  last  year  siDent,  I  think,  two  or  three 
hours  in  going-  over  all  the  results,  and  were  convinced  that  the  results 
were  excellent,  and  from  the  work  of  last  year  it  deserves  to  be  i>ut  with 
the  official  method,  but  it  is  wise  to  try  it  at  least  one  year  more  before 
its  adoption. 

Mr.  Bartlett.  The  results  have  been  good,  but  many  of  us  have 
not  had  oi)i)ortnnity  to  try  the  method,  and  probably  if  it  is  made  an 
official  method  it  will  be  worked  a  good  deal  the  next  year,  beside  the 
other  official  methods,  as  a  test.  I  think  it  would  be  well  to  give  it  a 
trial  in  that  way.     I  think  that  is  the  best  test  that  can  be  given. 

Mr.  KiLGOEE.  In  reply  to  Mr.  Bartlett,  I  think  he  means  he  has  had 
an  opportunity  to  test  it,  but  has  not  tested  it.  I  sent  Mr.  Bartlett  a 
set  of  sami)les.  I  am  sure  that  every  chemist  of  the  agricultural 
colleges  and  experiment  stations,  together  with  commercial  chemists, 
were  given  an  oi^portunity  of  taking  samples.  1  sent  out  forty-five 
sets,  so  there  was  no  lack  of  opportunity  for  testing  the  method.  With 
reference  to  the  recommendation,  I  hesitated  myself  at  first  to  make  it 
as  an  alternate  method,  because  the  method  as  originally  described  by 
Pemberton  is  different  from  the  way  it  was  worked  this  year.  I  have 
put  a  great  deal  of  time  on  it,  and  have  x^ractically  changed  the  whole 
of  the  method.  Really  all  that  remains  is  the  strength  of  the  standard 
solution  as  given  by  him.  The  temperature  of  precipitation,  the  molyb- 
date  solution,  and  the  method  of  washing  have  all  been  changed.  We 
have  used  it  all  this  year  in  our  laboratory  with  the  utmost  success. 
We  have  made  many  checks  on  it  with  materials  coming  into  our  labo- 
ratory in  regular  fertilizer  work,  and  we  have  not  a  single  result  that 
we  are  not  willing  to  use.  They  have  all  agreed  well  with  the  official 
method,  though  usually  lower,  which  I  consider  favorable.  With  refer- 
ence to  the  results  at  the  Maryland  Station,  I  will  say  that  eighty 
determinations  were  made  side  by  side,  and  it  has  been  found  satisfac- 
tory. It  has  also  been  tried  on  reporters'  samples  for  the  past  three 
years.  I  do  not  wish  to  present  this  method  to  the  association  as  an 
alternate  method  if  they  do  not  desire  it.  In  our  laboratory  we  have 
perfect  confidence  in  it,  and  would  like  very  much  to  use  it  in  our 
official  work  next  year.  It  means  a  saving  of  half  the  time  on  i)hos- 
phoric  acid,  which  would  dispense  with  one  chemist  in  the  fertilizer 
work. 

Mr.  Frear.  I  move  that  the  recommendation  of  the  committee  be 
amended  as  follows:  "That  the  Pemberton-Kilgore  volumetric  method 
be  recommended  as  a  check  method  to  be  tested  by  official  chemists 
with  reference  to  its  adoption  next  year  as  an  official  method. 

Mr.  KiLaoRE.  I  would  like  to  say  that  this  method  is  not  obligatory 
on  anyone.  We  have  an  alternate  method  for  potash  and  nitrogen,  but 
we  have  no  check  method  for  x)hosphoric  acid.  In  adopting  this  method 
as  an  alternate  method,  it  would  still  leave  the  gravimetric  method  as 
the  principal  one.     A  man  need  not  use  it  unless  he  chooses. 

Mr.  Wheeler.  1  don't  think  any  of  us  want  to  adopt  a  method  we  are 
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not  sure  is  going  to  give  good  results  with  all  classes  of  materials.  The 
proposed  amendment  is  a  most  excellent  one,  and  will  give  an  oppor- 
tunity to  test  the  method. 

The  President.  Before  taking  a  vote,  I  would  like  to  have  an  expres- 
sion as  to  where  we  stand  in  regard  to  section  7  of  the  constitution. 
As  I  understand  it,  there  is  presented  to  the  meeting  a  proposition  to 
adopt  a  certain  method  as  an  optional  method,  which  in  my  under- 
standing means  precisely  that  it  will  be  equally  imi)ortant  with  the 
one  we  now  have.  If  it  is  optional,  it  ought  to  be  as  good  as  the  other 
one.  I  further  understand  we  have  not  had  the  method  in  the  form 
now  proposed  until  now,  as  a  body.  It  was  not  prox)osed  in  the  form 
with  its  modified  wash  solution,  etc.,  last  year.  I  would  like  to  have 
an  exi)ression  as  to  whether,  according  to  the  meaning  of  section  7,  the 
method  has  ever  been  formally  presented  and  an  opportunity  given  to 
test  it  in  the  sense  used. 

Mr.  Pre  AH.  I  move  it  be  indicated  that  the  method  under  consider- 
ation has  not  been  presented  to  the  association  as  required  by  the 
clause  in  the  constitution. 

Mr.  Kilgore  stated  that  opportunity  to  test  the  method  had  been 
given  through  the  reporter. 

Mr.  LiNDSBY.  From  the  fact  that  this  method  has  been  brought 
before  the  meeting,  members  of  the  association  will  understand  that 
opportunity  is  given  to  test  it  and  satisfy  themselves.  Next  year  it 
can  be  voted  upon. 

The  President.  The  question  that  is  bothering  me  is,  Has  the 
proi)er  opportunity  been  given  ! 

Mr.  Kilgore.  I  have  answered  that.  The  association  refuses  to 
bind  a  reporter,  and  we  can  get  it  in  no  other  way. 

Mr.  H.  B.  McDonnell.  Ox^portunity  has  already  been  given  to  test 
the  method.  It  has  been  before  us  for  two  years  in  one  form  or  another. 
A  few  of  the  members  do  not  care  to  test  it,  but  others  ought  to  be 
allowed  to  use  it. 

Mr.  Wheeler.  I  claim  that  no  proposed  change  for  that  method  has 
heretofore  been  made;  and  until  it  has  been  made,  no  of&cial  opportu- 
nity has  been  given  to  test  it.  The  opportunity  is  given  as  soon  as  it 
is  published  in  the  proceedings. 

Mr.  H.  B.  McDonnell.  The  method,  as  printed  by  the  reporter  and 
sent  out  in  printed  form,  is  just  as  official  as  in  the  Bulletin. 

Mr.  Boss  thought  that  no  radical  change  had  been  made  in  the 
method;  that  it  was  practically  the  same  as  last  year. 

Mr.  Patterson.  It  is  not  a  change,  but  an  adoption.  I  don't  like 
the  word  ^^ check"  as  placed  in  the  amendment.  I  don't  think  a  volu- 
metric method  can  be  considered  a  check  method.  It  should  be  con- 
sidered as  a  proposed  official  method,  rather  than  a  check  method. 

Mr.  Gaines.  I  hope  it  will  be  published  in  the  proceedings. 

Mr.  H.  B.  McDonnell.  In  recommending  it  as  an  optional  method, 
we  only  ask  that  those  who  want  to  use  it  may  be  allowed  to  do  so. 
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]\Ir.  Peter.  The  iiiethod  has  beeu  considered  individually;  it  has 
been  considered  by  the  committee  appointed  for  the  consideration  of 
recommendations,  and  they  deem  it  worthy  of  trial.  I  i>ropose  the 
adoption  of  it  as  an  optional  method.  It  comi)els  no  one  to  use  it,  and 
allows  those  who  find  it  successful  to  use  it  in  their  work. 

Mr.  Fkear.  I  think  we  need  to  take  care  in  the  listin,i>-  of  our  methods 
alternate  or  optional.  After  the  volumetric  method  has  had  a  wider 
test,  then  we  can  list  it  as  an  alternate  method,  and  if  it  prove  as  good 
as  it  promises,  we  will  use  it  for  an  official  method  and  drop  tlie  gravi- 
metric.    I  object  to  listing  it  as  an  alternate  method. 

Mr.  Wheeler.  I  believe  the  question  of  the  adoption  of  this  method 
is  out  of  order.  The  method  is  proposed,  and  the  only  thing  that  can 
be  done  is  to  lay  it  on  the  table. 

The  president  stated  that  they  had  the  recommendation  of  the  com- 
mittee, and  asked  for  a  vote  on  the  amendment  i:)roposed  by  Mr.  Frear. 

The  amendment  was  lost. 

The  President.  The  question  now  is  on  the  original  motion  that 
this  method  be  made  an  optional  method. 

Mr.  Wheeler.  The  motion  is  out  of  order,  and  the  matter  can  only 
be  laid  on  the  table. 

The  President.  The  chair  rules  that  the  vote  on  the  recommenda- 
tion of  the  committee  is  in  order,  and  we  will  proceed  to  vote. 

Mr.  Wheeler.  I  appeal  from  the  decision  of  the  chair. 

Mr.  Bigelow  read  section  7  of  the  constitution,  and  then  asked  how 
it  was  iDossible  to  get  unanimous  consent  unless  the  motion  was  put 
before  the  house. 

Section  7  of  the  constitution  is  as  follows: 

Xo  changes  shall  be  made  in  the  methods  of  fertilizer  analyses,  except  by  unani- 
mous consent,  until  an  oi)portunity  shall  have  been  given  all  official  chemists  having 
charge  of  fertilizer  work  to  test  the  jiroposed  changes. 

Mr.  Wheeler.  I  withdraw  my  appeal. 

After  some  further  discussion,  Mr.  Van  Slyke  moved  that  the  method 
be  i:)ublished  with  the  regular  methods  under  the  heading  '^  Provisional 
volumetric  method,  proposed  for  adoption  at  the  next  meeting.*' 

The  motion  was  carried. 

Ml'.  LiNDSEY.  The  committee  recommends  that  the  association  sug- 
gest to  the  reporter  the  trial  of  the  alkaline  citrate-magnesia  method, 
as  suggested  by  Mr.  Wiley. 

liecommendation  adopted. 

The  president  then  asked  for  the  recommendations  of  the  reporter  on 
nitrogen. 

Mr.  Bartlett  read  the  recommendations,  as  follows: 

1.  That  the  Ulsch  method  be  adopted  as  an  official  method  for  deter- 
mining nitric  nitrogen. 

2.  That,  if  the  association  desires  it,  the  zinc-iron  method  be  adopted 
as  an  alternate  method. 
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3.  That  the  association  adopt  the  method  for  determining  ammonia 
with  magnesia. 

I  suggest  that  the  reporter  of  next  year  request  the  members  of  the 
association  engaged  in  fertilizer  work  to  give  tlie  Fassbender  method  a 
thorough  trial.  I  am  pleased  with  the  method,  and  if  it  can  be  worked 
in  the  cold  it  will  be  a  great  saving  of  time  on  fertilizers  containing 
nitrates. 

Mr.  Hustons'.  The  next  thing  in  order  is  the  report  on  dairy  i^roducts. 

EEPOET  0^  DAIRY  PEODUOTS. 
By  E.  H.  Farringtox. 

The  reporter  on  dairy  products  sent,  in  March,  1895,  the  following  circular  to  over 
fifty  chemists : 

Dear  Sir:  Thorough  scientific  investigation  is  very  much  needed  in  many  of  the 
chemical  methods  now  used  for  the  analysis  of  dairy  products.  Tbere  are  also  many 
opportunities  for  original  work  in  the  way  of  increasing  our  knowledge  of  the  exact 
composition  of  these  substances. 

Nearly  every  chemist  has  some  foggy  ideas  in  regard  to  a  particular  point  in  the 
composition  or  method  of  analysis  of  either  milk,  butter,  or  cheese,  and  is  undoubt- 
edly anxious  for  an  opportunity  to  obtain  some  clarifying  evidence. 

The  annual  reports  of  this  association  are  now  extensively  circulated  and  consulted. 
They  attbrd  an  opportunity  for  publishing  the  worthy  results  of  investigations,  and 
the  value  of  the  dairy  products  report  in  the  1895  publication  will  depend  entirely 
on  the  chemists'  contributions. 

It  is  your  reporter's  opinion  that  more  and  better  work  may  be  done  if  each  chem- 
ist will  send  to  him,  on  or  before  August  1,  1895,  a  report  on  some  work  of  his  own 
selection,  rather  than  for  me  to  attempt  to  supply  samples  and  directions  for  inves- 
tigations. 

The  following  suggestions  for  work  have  been  received  by  your  reporter: 
Cheese  analysis  : 

fl.  By  the  Babcock  test. 
J    p   ,  J  2.  By  drying  at  100°  C.  and  extracting. 

]  3.  By  provisional  method  adopted. 

[  4.  By  modification  of  provisional  method  adopted. 
11.  Determination  of  acid  in  cheese. 

III.  Determination  of  different  classes  of  nitrogen  compound. 
TJie  determination  of  alhuminolds  in  viill'  : 

I.  What  is  the  correct  factor  for  casein  and  albumen? 
II.  Does  Kitthauseu's  method  precipitate  all  the  albuminoids,  and  in  a  state  of 
purity  ? 

III,  How  are  casein  and  albumen  best  determined  separately? 

IV.  What  is  the  amount  of  nonalbuminoid  nitrogen  in  milk? 

The  value  of  this  annual  report  on  dairy  products  depends  on  the  chemists'  report- 
ing or  failing  to  report. 

E.  H.  Farrington, 
Reporter  on  Dairy  Products. 
Madison,  Wis.,  March,  1895. 

In  response  to  this  circular  your  reporter  has  received  one  communication,  which 
is  herewith  j^resented : 

Wisconsin  Agricultural  Experiment  Station, 

Madison,  Wis.,  August  15,  1895. 
Prof.  E.  H.  Farrington, 

Reporter  on  Dairy  Products  for  the  Association  of  Official  Agricultural  Chemists. 
Dear  Sir:  The  comparative  results  obtained  by  official  chemists  during  the  past 
two  years,  with  formula  for   the  calculation  of  the  solids  of  milk  from  the  spe- 
cific gravity  and  per  cent  of  fat,  show  beyond  question  that  the  formula, i  Solids  not 

fat=  (  -. QQ -.  Qy^o  T^o   —  l)  (100  —  F)  2.6,  proposed  by  me  gives  figures  consider- 
ably too  high. 

1  Eighth  Annual  Report,  Winconsin  Agricultural  Experiment  Station. 
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A  recalculation  of  the  constant  factor  of  lliis  formula  from  the  analyses  given  in 
the  last  two  reports  of  the  association,  combined  with  data  obtained  at  this  station 
during  the  past  year,  gives  its  value  as  2.5  instead  of  2.6.     With  this  change  the 

formula  becomes:  Solids  not  fat  =  ( -. qq i'qtss'fS  —     /   ^^^^  —  ^^-^  ^'^'  ^^  which 

form  I  believe  it  will  in  most  cases,  when  applied  to  normal  milks,  give  results 
agreeing  closely  with  those  ol)tained  by  gravimetric  analysis. 

In  this  formula  it  is  assumed  that  the  dilfereme  between  the  specific  gravity  of  the 
milk  serum  and  that  of  water  is  directly  proportional  to  the  per  cent  of  solids. in 
the  serum.  This  assumption  is  not  true,  and  might  lead  to  a  considerable  error 
if  the  solids  of  milk  serum  were  always  of  the  same  composition,  as  in  such  case  the 
specific  gravity  of  the  milk  serum  and  the  per  cent  of  solids  which  it  contained  w^ould 
change  at  ditterent  rates.  To  illustrate :  100  cc  of  milk  serum  having  a  specific 
gravity  of  1,036  and  containing  9  per  cent  of  solids  would  Aveigh  103.6  grams,  and  the 
solid  contained  in  it  would  w^eigh  9.324  grams.  If  this  be  diluted  with  100  cc  of 
water,  there  would  be,  as  there  is  practically  no  change  in  A'olume.  200  cc,  weighing 
203.6  grams.  It  would  still  contain  9.324  grams  of  solids,  which  is  nearly  4.58  per 
cent.  The  specific  gravity  of  the  resulting  liquid  would  be  1.018,  and  if  the  change 
in  per  cent  of  solids  had  been  at  the  same  rate  as  the  change  in  specific  gravity  it 
should  have  contained  only  4.5  per  cent  of  solids,  or  nearly  0.08  less  than  the  actual. 
In  the  same  manner  it  maybe  shown  that  ior  specific  gravity  above  1.036,  or  for 
whatever  point  the  ratio  of  solids  to  specific  gravity  is  determined,  the  per  cent  of 
solids  in  the  liquid  will  be  less  than  would  be  exx)ected  from  the  change  in  specific 
gravity.  The  error,  however,  from  this  source,  with  normal  milks  containing  from 
8  to  10  per  cent  of  solids  not  fat  is  small,  amounting  in  no  case  to  as  much  as  0.05 
per  cent,  and  this,  I  believe,  is  in  most  cases  oftset  by  changes  in  the  composition  of 
the  milk  solids.  If  there  is  no  compensation  of  this  kind  the  formula  should  in  gen- 
eral give  results  too  low  with  milks  having  less  than  the  average  per  cent  of  solids 
in  the  serum  and  too  high  where  these  solids  are  above  the  average.  I  have  not 
found  this  to  be  the  case,  as  in  a  large  number  of  comparative  determinations  with 
milks  difiering  widely  in  the  amount  of  solids  not  fat,  over  70  per  cent  of  the  results 
obtained  have  been  in  the  opposite  direction.  A  possible  explanation  may  be  found 
in  changes  in  the  relative  proportions  of  sugar  and  casein  in  the  milk. 

For  the  reason  that  a  given  amount  of  milk  sugar  increases  the  specific  gravity  of 
milk  serum  more  than  an  equal  amount  of  casein,  it  follows  that  a  factor  expressing 
the  relation  between  specific  gravity  and  solids  in  milk  of  average  composition 
would  not  apply  to  milk  where  the  ratio  of  casein  to  sugar  difiers  from  the  average. 
In  the  above  formula  the  factor  2.5  is  a  trifle  too  large  for  milks  containing  more  than 
the  average  amount  of  sugar,  compared  to  casein,  and  too  small  where  the  opposite 
is  true.  This  is  clearly  shown  by  applying  the  formula  to  whey,  which  is  milk  serum 
from  which  the  casein  has  been  removed,  in  which  case  the  per  cent  of  solids  obtained 
is  always  too  high.  If,  then,  a  low^per  cent  of  serum  solids  is  associated  with  a  rela- 
tively high  proportion  of  sugar,  the  efi"ect  would  be  to  change  slightly  the  relation 
between  specific  gravity  and  solids  in  a  direction  which  would  tend  to  compensate 
for  the  error  alluded  to  in  this  formula.  I  believe  in  general  that  this  is  true,  and 
that  in  consequence  the  formula  is  more  accurate  than  if  based  upon  the  assumption 
of  a  constant  specific  gravity  for  the  solids  of  the  serum.  The  formula  with  the 
constant  factor  of  2.5  gives  almost  identical  results  with  that  of  Hehner  and  Eich- 

mond,i  viz,    t^ ^59^^*    ^^  +> 2.5,  correct  the  value  ohtained  for  t  by  adding 

.05  l^  —  2.5  j  .  It  gives  lower  results  than  Richmond's  new  fornnila,-  that  was  sub- 
mitted to  the  last  convention,  viz,  t  —  2.625 q -f  1.2  F. 

Any  of  fhe  three  formulas  mentioned  in  this  paper  will  in  most  cases  give  satis- 
factory results  for  solids,  especially  as  the  error  falls  entirely  upon  the  solids  not 
fat,  where  it  is  of  comparatively  little  importance.  There  is  with  all  formulas  of 
this  nature  a  possible  error,  arising  from  difierences  in  the  composition  of  milk, 
which  render  them  inapplicable  in  scientific  investigation,  especially  where  the 
milk  of  single  animals  is  involved.  They  will,  howe\  er,  be  found  of  great  service 
in  milk  inspection,  where  an  error  of  a  fcw^  tenths  per  cent  in  the  solids  not  fat 
would  not  mislead. 

During  the  protracted  drought  of  the  ])resent  summer  the  solids  not  fat  have  been 
abnormally  low,  the  average  of  nearly  one  hundred  determinations  in  milk  received 
at  the  University  of  AVisconsin  creamery  being  but  a  trifle  over  8.5  per  cent.     The 

'  Analyst,  13-26. 

^Proceedings  of  Eleventh  Annual  Convention  of  the  Association  of  Official  Agri- 
cultural Chemists,  p.  181. 
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calculated  solids  in  these  milks  liavo  avera.2;ed  about  0.05  per  cent  higher  than 
found  by  gravimetric  analysis,  and  Avith  certain  patrons  have  usually  ranged  from 
0.2  to  0.3  per  cent  higher.  The  casein  in  these  miiks  has  l)een  found  very  low,  often 
falling  below  2  per  cent,  while  the  sugar  has  remained  about  the  average.  I  believe 
this  amply  explains  the  high  figures  obtained  l>y  the  formula.  This  low  per  cent  of 
casein  during  droughts  is  in  accordance  with  results  obtained  by  Dr.  Van  Slyke  in 
New  Tork,  and  is  amply  confirmed  by  the  relatively  low  yield  of  cheese  in  factories 
in  regions  which  have  suffered  from  drought. 

All  of  the  complete  formulas  ]iroposed  for  this  purpose  are  necessarily  complicated 
and  the  calculation  tedious  without  the  use  of  tables.     I  have  accordingly  prepared 
from  my  formula  the  appended  table  giving  the  per  cent  of  solids  not  fat  corre 
sponding  to  Quevenne  lactometer  readings  (1,000  sp.  gr.  —  1,000)  from  26  to  36,  and 
for  per  cents  of  fat  up  to  6. 

An  inspection  of  this  table  shows  that  the  per  cent  of  solids  not  fat  increases  prac- 
tically at  the  rate  of  0.25  for  each  lactometer  degree  and  0.02  for  each  tenth  per  cent 

of  fat.     This  relation  is  expressed  by  the  simple  expressions:  Solids  not  fat  =:—-{-. 2  F 

andtotalsolids=    +1.2F,  in  which  L=  Quevenne  lactometer  reading,  and  F=  per 

cent  of  fat.  This  is  identical  with  the  short  formula  of  Hehner  andRichmond'  trans- 
posed to  express  total  solids,  and  by  the  addition  of  0.14  is  the  same  as  the  short 

formula  of  Richmond,^  viz,  t  =  —  +  -  F  +  .14.     It  gives  results  which  differ  not  more 

than  0.04  from  those  of  the  complete  formula  for  milks  containing  up  to  6  per  cent  of 
fat,  and  has  the  advantage  that  it  can  be  easily  and  quickly  applied. 

I  trust  that  the  association  will  continue  work  in  this  line  in  order  that  values  may 
be  obtained  for  the  constants  of  the  formulas  that  will  conform  most  nearly  to  average 
conditions  in  this  country. 

Very  truly  yours,  S.  M.  Babcock. 

Table  slioiving  per  cent  of  solids  not  fat  in  milk  corresponding  to   Quevenne  lactometer 
readings  and  per  cent  of  fat. 


Per 
cent 

Lactometer  reading  at  60°  F. 

of 
fat. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

0.0 

6.50 

6.75 

7.00 

7.25 

7.50 

7.75 

8.00 

8.25 

8.50 

8.75 

9.00 

0.1 

6.52 

6.77 

7.02 

7.27 

7.52 

7.77 

8.02 

8.27 

8.52 

8.77 

9.02 

0.2 

6.54 

6.79 

7.04 

7.29 

7.54 

7.79 

8.04 

8.29 

8.54 

8.79 

9.04 

0.3 

6.56 

6.81 

7.06 

7.31 

7.56 

7.81 

8.06 

8.31 

8.56 

8.81 

9.06 

0.4 

6.58 

6.83 

7.08 

7.33 

7.58 

7.83 

8.08 

8.33 

8.58 

8.83 

9.08 

0.5 

6.60 

6.85 

7.10 

7.35 

7.60 

7.85 

8.10 

8.35 

8.60 

8.85 

9.10 

0.  G 

6.62 

6.87 

7.12 

7.37 

7.62 

7.87 

8.12 

8.37 

8.62 

8.87 

9.12 

0.7 

6.C4 

6.89 

7.14 

7.39 

7.64 

7.89 

8.14 

8.39 

8.64 

8.89 

9.14 

0.8 

6.66 

6.91 

7.16 

7.41 

7.66 

7.91 

8.16 

8.41 

8.66 

8.91 

9.16 

0.9 

6.68 

6.93 

7.18 

7.43 

7.68 

7.93 

8.18 

8.43 

8.68 

8.93 

9.18 

1.0 

6.70 

6.95 

7.20 

7.45 

7.70 

7.95 

8.20 

8.45 

8.70 

8.95 

9.20 

1.1 

6.72 

6.97 

7.22 

7.47 

7.72 

7.97 

8.22 

8.47 

8.72 

8.97 

9.22 

1.2 

6.74 

6.99 

7.24 

7.49 

7.74 

7.99 

8.24 

8.49 

8.74 

8.99 

9.24 

1.3 

6.76 

7.01 

7.26 

7.51 

7.76 

8.01 

8.26 

8.51 

8.76 

9.01 

9.26 

1.4 

6.78 

7.03 

7.28 

7.53 

7.78 

8.03 

8.28 

8.53 

8.78 

9.03 

9.28 

1.5 

6.80 

7.05 

7.30 

7.55 

7.80 

8.05 

8.30 

8.55 

8.80 

9.05 

9.30 

1.6 

6.82 

7.07 

7.32 

7.57 

7.82 

8.07 

8.32 

8.57 

8.82 

9.07 

9.32 

1.7 

6.84 

7.09 

7.34 

7.59 

7.84 

8.09 

8.34 

8.59 

8.84 

9.09 

9.34 

1.8 

6.86 

7.11 

7.36 

7.61 

7.86 

8.11 

8.  36 

8.61 

8.86 

9.11 

9.37 

1.9 

6.88 

7.13 

7.38 

7.63 

7.88 

8.13 

8.38 

8.63 

8.88 

9.14 

9.39 

2.0 

6.90 

7.15 

7.40 

7.65 

7.90 

8.15 

8.40 

8.66 

8.91 

9.16 

9.41 

2.1 

6.92 

7.17 

7.42 

7.67 

7.92 

8.17 

8.42 

8.68 

8.93 

9.18 

9.43 

2.2 

6.94 

7.19 

7.44 

7.69 

7.94 

8.19 

8.44 

8.70 

8.95 

9.20 

9.45 

2.3 

6.96 

7.21 

7.46 

7.71 

7.96 

8.21 

8.46 

8.72 

8.97 

9.22 

9.47 

2.4 

6.98 

7.23 

7.48 

7.73 

7.98 

8.23 

9.48 

8.74 

8.99 

9.24 

9.49 

Analyst,  13,  31. 


■Analyst,  20,  57. 
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Table  showing  per  cent  of  soU(h  not  fat  in  milk  corresponding  to  Quevenne  lactometer 
readings  and  per  cent  of  fat — Continued. 


Per 

cent 
of 
fat. 

Lactometer  readin 

g  at  69°  F. 

26. 

27. 

28. 

29.     1 

30. 

31. 

32. 

33. 

34.     ' 

35.     I 

36. 

2.5 

7.00 

7.25 

7.50 

7.75 

8.00 

8.25 

8.50 

8.76 

9.01 

9.26 

9.51 

2.6 

7.02 

7.27 

7.52 

7  77 

8.02 

8.27 

8.52 

8.78 

9.03 

9.28 

9.53 

2.7 

7.04 

7.29 

7.54 

7.79 

8.04 

8.29 

8.54 

8.80 

9.05 

9.30 

9.55 

2.8 

7.06 

7.31 

7.56 

7.81  ' 

8.06 

8.31 

8.57 

8.82 

9.07 

9.32 

9.57 

2.9 

7.08 

7.33 

7.58 

7.83 

8.08 

8.33 

8.59 

8.84 

9.09 

9.34 

9.59 

3.0 

7.10 

7.35 

7.60 

7.85 

8.10 

8.36 

8.61 

8.86 

9.11 

9.36 

9.61 

3.1 

7.12 

7.37 

7.62 

7.87 

8.13 

8.38 

8.63 

8.88 

9.13 

9.38 

9.64 

3.2 

7.14 

7.39 

7.64 

7.89 

8.15 

8.40 

8.65 

8.90 

9.15 

9.41 

9.66 

3.3 

7.16 

7.41 

7.66 

7.92 

8.17 

8.42 

8.67 

8.92 

9.18 

9.43 

9.68 

3.4 

7.18 

7.43 

7.69 

7.94 

8.19 

8.44 

8.69 

8.94 

9.20 

9.45 

9.70 

3.5 

7.20 

7.45 

7.71 

7.96 

8.21 

8.46 

8.71 

8.96 

9.22 

9.47 

9.72 

3.6 

7  22 

7.48 

7.73 

7.98 

8.23 

8.48 

8.73 

8.98 

9.24 

9.49 

9.74 

3.  7 

7.24 

7.50 

7.  75 

8.00 

8.25 

8.50 

8.75 

9.00 

9.26 

9.51 

9.76 

3.8 

7.26 

7.52 

7.  77 

8.02 

8.27 

8.52 

8.77 

9.02 

9.28 

9.53 

9.78 

3.9 

7.28 

7.54 

7.79 

8.04 

8.29 

8.54 

8.79 

9.04 

9.30 

9.55 

9.80 

!     4.0 

7.30 

7.56 

7.81 

8.06 

8.31 

8.56 

8.81 

9.06 

9.32 

9.57 

9.83 

;  4.1 

7.32 

7.58 

7.83 

8.08 

8.33 

8.58 

8.83 

9.08 

9.34 

9.59 

9.85 

;  4.2 

7.34 

7.00 

7.85 

8.10 

8.35 

8.60 

8.85 

9.11 

9.36 

9.62 

9.87 

i     4.3 

7.  :!6 

7.02 

7.87 

8.12 

8.37 

8.62 

8.88 

9.13 

9.38 

9.64 

9.89 

1     4.4 

7.38 

7.64 

7.89 

8.14 

8.39 

8.64 

8.90 

9.15 

9.40 

9.60 

9.91 

( 

1     4.5 

7.40 

7.  60 

7.91 

8.16 

8.41 

8.66 

8.92 

9.17 

9.42 

9.G8 

9.93 

4.6 

7.43 

7.08 

7.93 

8.18 

8.43 

8.68 

8.94 

9.19 

9.44 

9.70 

9.95 

4.7 

7.45 

7.70 

7.95 

8.20 

8.45 

8.70 

8.96 

9.21 

9.46 

9.72 

9.97 

4.8 

7.47 

7.72 

7.97 

8.22 

3.47 

8.72 

8.98 

9.23 

9.48 

9.74 

9.99 

4.9 

7.49 

7.74 

7.99 

8.24 

8.49 

8.74 

9.00 

9.25 

9.50 

9.76 

10.01 

5.0 

7.51 

7.76 

8.01 

8.26 

8.51 

8.76 

9.02 

9.27 

9.52 

9.78 

10.03 

5.1 

7.53 

7.78 

8.03 

8.28 

8.53 

8.79 

9.04 

9.29 

9.54 

9.80 

10.05 

5.2 

7.55 

7.80 

8.05 

8.30 

8.55 

8.81 

9.06 

9.31 

9.56 

9.82 

10.07 

5.3 

7.57 

7.82 

8.07 

8.32 

8.57 

8.83 

9.08 

9.33 

9.58 

9.84 

10.09 

5.4 

7.59 

7.84 

8.09 

8.34 

8.60 

8.85 

9.10 

9.36 

9.61 

9.86 

10.11 

5.5 

7.61 

7.86 

8.11 

8.36 

8.62 

8.87 

9.12 

9.38 

9.63 

9.88 

10.13 

5.6 

7.63 

7.88 

8.13 

8.39 

8.64 

8.89 

9.15 

9.40 

9.65 

9.90 

10.15 

5.7 

7.65 

7.90 

8.15 

8.41 

8.66 

8.91 

9.17 

9.42 

9.67 

9.92 

10.17 

5.8 

7.67 

7.92 

8.17 

8.43 

8.68 

8.94 

9.19 

9.44 

9.69 

9.94 

10.19 

1     '■' 

7.69 

7.94 

8.20 

8.45 

8.70 

8.96 

9.21 

9.46 

9.71 

9.96 

10.22 

6.0 

1 

7.71 

7.96 

8.22 

8.47 

8.72 

8.98 

9.23 

9.48 

9.73 

9.98 

10.24 

At  the  conclusion  of  tlie  report  on  dairy  products  the  president  called 
lor  papers  relating  to  that  subject.     The  following  paper  was  presented : 


ON  THE  DETEEMINATION  OF  THE  ACIDITY  OF  MILK  AND  OREAM. 

By  C.  G.  Hopkins  and  W.  A.  Powers. 

As  early  as  1877  work  was  reported  from  Denmark  along  this  line  (Tidsskrift  for 
Laudokonomi,  1877,  p.  569),  which  showed  that  sour  cream  gave  a  better  yield  of 
butter  than  sweet  cream. 
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FleiscKmann  (Jaliresbericlit  iiber  die  Thiltigkeit  des  Molkerei-Iustitiits,  1884,  and 
Milchzeituug,  Jau.  27, 1886)  made  some  quantitative  determinations  of  the  acid  and 
decided  upon  a  minimum  degree  of  acidity  of  cream  for  the  highest  yield  of  butter, 
Fleischmann's  method  consisted  in  diluting  the  cream  Avith  four  volumes  of  Trater, 
coagulating  the  casein  by  heat,  and  titrating  the  filtrate. 

In  1885  Sebelien  used  the  same  method  which  is  iu  common  use  to-day,  namely, 
direct  titration  with  one-tenth  normal  alkali  (caustic  potash  or  soda)  with  phenol- 
phthalein  as  an.  indicator.'  His  results  were  reported  in  full  in  1887.  (Jour.  f. 
landw.  Versuchs-Stationen.) 

IrLthis  country  this  method  is  popularly  known  as  "Manns"  acid  test,"  it  having 
been  introduced  here  by  Dr.  A.  G.  Manns  about  1890. 

Some  experimental  work  confirmatory  of  the  results  of  Fleischmann  and  Sebelien 
was  reported  by  Manns  in  1890.     (Bull.  Ko.  9,  Agr.  Exp.  Sta.  of  Univ.  of  111.) 

As  early  as  1892  one  of  the  writers  analyzed  a  sample  of  the  standard  alkali  which 
was  then  on  the  market  as  '^Manns'  acid  test."  The  sample  was  brought  in  by  a 
dairyman  who  was  at  that  time  putting  ifc  to  practical  use  iu  his  dairy  work.  It  was 
found  to  be  practically  a  one-tenth  normal  solution  of  potassium  hydroxid. 

In  1894  Professor  Farringtou  (Bull.  32  and  33,  Agr.  Exp.  Sta.,  Univ.  of  111.)  devised 
the  method  of  testing  the  acidity  of  cream  by  the  use  of  tablets  which  contain 
certain  definite  amount  of  an  alkaline  carbonate  together  with  a  small  amount  of 
phenolphthalein.  By  the  use  of  these  and  a  graduated  cylinder  the  dairyman  is 
enabled  to  make  his  own  solution  of  standard  alkali,  relying  upon  the  accuracy  with 
which  the  tablets  are  manufactured. 

In  Bulletin  No.  38,  United  States  Department  of  Agriculture,  page  117,  Dr.  Van 
Slylce  gave  some  experimental  data  which  indicate  that  the  direct  titration  of  milk 
or  cream  with  a  standard  alkali  does  not  give  accurate  results.  He  tested  samples 
of  milk  containing  different  amounts  of  acid  (1)  by  direct  titration,  (2)  by  titration 
after  diluting  with  about  ten  volumes  of  w^ater,  (3)  by  titrating  the  filtrate  after 
precipitating  the  casein  with  known  amounts  of  acetic  acid,  and  (4)  by  titrating 
the  filtrate  after  precipitating  the  casein  with  magnesium  sulphate. 

On  an  average  the  amount  of  lactic  acid  w^hich  he  found  as  determined  by  direct 
titration  was  about  8  per  cent  more  than  by  titration  after  dilution,  101  per  cent 
more  than  obtained  after  using  magnesium  sulphate,  and  164  per  cent  more  than  by 
titration  after  precipitating  casein  with  a  known  amount  of  acetic  acid.  In  one 
case  he  obtained  more  acid  after  precipitating  with  magnesium  sulphate  than  after 
simple  dilution,  and  in  another  case  the  curious  results  of  +  0.21  per  cent  acid  by 
direct  titration  and  —  0.30  jier  cent  acid  after  using  acetic  acid. 

In  commenting  on  these  results,  Dr.  Van  Slyke  says :  "  AATiile  I  am  not  prepared  yet 
to  say  that  the  removal  of  casein  by  the  use  of  magnesium  sulj^hate  gives  absolutely 
correct  results,  I  belive  it  to  be  more  reliable  than  the  method  now  commonly  iTsed." 

In  view  of  the  fact  that  the  common  method  of  testing  milk  and  cream  for  acidity 
is  in  constant  use  by  dairymen,  and  as  we  frequently  apply  it  in  our  experimental 
work,  it  seemed  to  us  highly  important  that  this  subject  be  more  thoroughly  investi- 
gated. 

Our  first  eftort  was  to  determine  the  eliect  of  varying  the  degree  of  dilution  and 
of  varying  the  amount  of  indicator  used. 

Neutral  distilled  water  w^as  used  for  diluting  and  a  solution  of  1  gram  of  phenol- 
phthalein in  100  cc  of  50  per  cent  alcohol  was  used  as  an  indicator.  One-tenth  of 
a  cubic  centimeter  of  this  solution  is  entirely  sufficient  for  ordinary  Avork  in  acid- 
imetry,  and  is  probably  as  much  as  is  ordinarily  used  in  testing  milk  or  cream. 

Whole  milk  was  used  in  this  work,  25  cc  beina:  taken  for  each  test. 
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Following  are  the  results  obtaiued 


Water 
added. 

Imlica-  \'^^^^l't 
tor  used,  j  YaSie^.^ 

1 

2 

3 

4 

5 

6 

ec. 

0 

0 

50 

100 

150 

200 

250 

301) 

cc. 

0.1 
•  2 

2 

2 

2 

2 

2 

2 

0.45 
.36 
.33 
.30 
.29 
.28 
.28 
.28 

7 

8 

1 

. 

225 

0.  1     n  36 

2 

225       .2  '     .33 

3 

225 
225 
225 
225 

.3      -32 

4 

.4 
.5 
.6 

.32 

.31 

30 

5 

6 

7 

8 

9 

10 

225 
225 
225 
225 

.8     .30 
1. 6     .28 

2       .28 
4       .28 

These  results  confirm  those  of  Dr.  Van  Slyke,  which  show  that  too  high  results  are 
obtained  by  direct  titration  without  dilution;  and  our  results  prove  that  not  less 
than  2  cc  of  a  1  per  cent  solution  of  jihenolphthaleiu  should  be  used  in  25  cc  of  milk, 
even  when  diluted  to  250  cc. 

Remembering  that  carbon  dioxid  aftects  the  delicacy  of  phenolphthalein,  and  that 
consitlerable  quantities  of  it  are  present  in  milk,  especially  in  milk  in  which  much 
lactic  acid  has  developed,  we  determined  the  effect  of  diluting  with  boiling  water 
instead  of  cold  water,  and  also  of  boiling  the  diluted  solution  for  a  minute  or  two. 

Another  sample  of  whole  milk  was  used  in  this  work;  25  cc  of  milk  and  2  cc  of 
phenolphthalein  were  used  in  each  test. 


"Water  added. 


Per  cent 

acid, 
a3  lactic. 

1  =  0.91 

2  = 

.90 

1  = 

.80 

2  = 

.81 

1  = 

.73 

2  = 

.72 

1  = 

.63 

2  = 

.62 

INoiie ;  cold  milk 

225  cc,  cold 

225  cc,  boiling 

225  cc,  boiling  water  and  liquid  boiled  1  to  2  minutes 


The  ''end  reaction"  was  fouud  to  be  much  sharper  after  driving  out  the  carbon 
dioxid,  and  the  percentage  of  lactic  acid  determined  is  lowered  very  a])pr('ci:ibly. 

The  following  work  was  done  to  determine  the  influence  of  magnesium  sulphate. 
A  saturated  solution  of  magnesium  sulphate  was  used  and  the  same  milk  as  above — 
25  cc  of  milk  and  2  cc  indicator  in  each  test. 


Added. 


Per  cent 

acid, 
as  lactic. 


225  cc  cold  water  and  25  cc  magnesium  sulphate 

225  cc  boiling  water,  25  cc  magnesium  sulphate,  and  then  boiled  one  to  two  minutes 


1  =  0.80 
2=  .81 
1=:  .62 
2=  .63 
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These  are  identical  "with  the  results  obtained  above  without  magnesium  sulphate, 
other  conditions  being  the  same. 

In  order  to  study  the  influence  of  casein  upon  the  determination  of  lactic  acid, 
we  first  decided  to  take  milk  as  nearly  free  from  acid  as  it  could  easily  be  gotten, 
add  to  it  known  amounts  of  acid^  and  then  determine  the  total  acid  present. 

Twenty-five  cc  of  milk  was  found  to  contain  the  equivalent  of  1.2  cc  of  one-fifth 
normal  lactic  acid.  After  adding  25  cc  of  one-fifth  normal  lactic  acid  to  other  25  cc 
portions  of  the  same  milk,  the  whole  was  titrated,  keeping  the  treatment  and  con- 
ditions uniform. 

On  two  tests  the  results  obtained  were  26.2  cc  and  26.3  cc,  respectively,  of  one-fifth 
normal  solution ;  25  cc  +  1.2  cci=:  26.2  cc,  the  amount  calculated  to  be  present.  These 
results  indicate  that  the  casein  has  but  little,  if  any,  influence  upon  the  titration.  If 
the  1.2  cc  were  entirely  due  to  the  influence  of  casein,  it  would  still  be  less  than  5 
per  cent  of  the  total  acid. 

In  this  connection,  an  attemj)t  was  made  to  determine  the  lactic  acid  by  jirecipi- 
tating  the  casein  with  lactic  acid,  making  up  to  a  definite  volume,  filtering  through 
a  dry  filter,  and  titrating  a  portion  of  the  filtrate  corresponding  to  an  aliquot  part  of 
the  original  volume. 

Ten  cc  or  25  cc  of  milk  were  taken,  the  casein  precipitated  with  lactic  acid,  the 
liquid  diluted  to  1,000  cc,  and  then  three  portions  of  250  cc  each  separated  by  filtra- 
tion. These  were  titrated  separately,  and  the  filter  with  its  contents  was  put  into 
a  beaker  together  with  the  remaining  250  cc,  and  titrated.  This  contained  all  of  the 
casein.     The  filtrates  were  quite  clear.     Following  are  the  results : 

[Lactic  acid,  one-lifth  normal.] 


Milk  taken. 

Eirst  250 
cc  filtrate. 

Second  250     Third  250 
cc  filtrate,    cc  filtrate. 

Fourth  250 
cc  residue. 

10  cc 

cc. 

5.9 
12.2 
24.  C 

7.8 

4.9 

6 
10.9 
12 

cc. 
5.9 
12.fi 
24.7 
7.7 
4.9 
5.9 
10.9 
12.2 

cc. 
G 
12.3 
21.7 
7.8 
4.9 
5.9 
10.9" 
12.1 

cc. 

7.8 

Do 

14.1 

Do                       

27 

25  cc 

11.1 

Do       

9.9 

Do 

11.1 

Do 

16.1 

Do         

17.6 

These  results  plainly  indicate  that  the  casein  has  a  certain  influence  upon  the  acid. 
The  fourth  250  cc  aliquot,  which  contains  all  of  the  casein,  retains  much  more  than 
one-fourth  of  acid,  usually  about  5  cc  of  acid  in  excess  of  the  other  aliquot  portions 
when  25  cc  of  milk  are  taken,  and  about  2  cc  of  acid  when  10  cc  of  milk  are  taken, 
regardless  of  the  amount  of  acid  present.     It  varies,  however,  within  wide  limits. 

Plainly,  a  portion  of  the  filtrate  corresponding  to  an  aliquot  part  of  the  original 
volume  could  not  be  relied  upon  in  determining  the  acidity. 

We  next  tried  to  filter  the  entire  liquid,  and  to  wash  the  precipitate  free  from  acid. 
In  this  work  milk  was  used  which  showed  1.3-cc  one-fifth  normal  lactic  acid.  To 
each  of  three  25  cc  portions  of  this  milk,  25  cc  of  one-fifth  normal  lactic  acid  were 
added,  also  25  cc  of  a  saturated  solution  of  magnesiau  sulphate,  and  about  200  cc 
of  boiling  water.  The  solution  was  filtered.  The  precipitate  was  washed,  and  was 
then  transferred  to  a  mortar  and  thoroughly  rubbed  up  with  water.  It  was  then 
filtered  and  Avashed  and  again  rubbed  up  iu  a  mortar,  and  this  process  was  repeated 
until  the  washings  showed  no  acid  reaction. 

Then  the  filter  and  precipitate  were  transferred  to  a  beaker,  and  the  precipitate 
titrated  with  standard  alkali. 
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The  1.3  cc  acid  present  iu  the  milk  as  taken,  and  the  25  oc  acid  added,  make  a 
total  of  26.3  cc. 
Following  are  the  results  obtained  in  the  tests: 

[Lactic  acid,  one-fifth  normal.] 


II. 


ni. 


•                                                    I  cc.  cc. 

First  filtrate 22.3  22.3              22.1 

First  -^vashing .7  .6                 .2 

Second  washing .3  .31               .0 

Third  washing .1                .2  ' 

Fourth  washing .1                .1    

Fifth  washing .0                .0    

Casein  precipitate 2.4  !  2.3                3.4 

Total  acid  found I  25.9  25.8  25.7 

Total  acid  originally  present I  26.3  26.3  26.3 

^ .  ,  \ \ 

These  totals  agree  well,  considering  the  long  process  through  which  the  work  was 
carried ;  and  the  results  seem  to  prove  conclusively  that  all  of  the  lactic  acid  cannot 
be  removed  from  the  casein  by  washing,  and  that  titrating  only  the  filtrate  would 
give  too  low  results,  the  error  being  of  much  greater  significance  with  small  amounts 
than  with  larger  amounts  of  lactic  acid. 

Dr.  Van  Slyke  has  indicated  that  similar  conditions  probably  exist  when  casein  is 
precipitated  Avith  acetic  acid. 

In  speaking  of  a  like  phenomenon,  Dr.  Wiley  says  (Agr.  Anal.,  2-285):  ''Many 
precipitates  occlude  potash  and  hold  it  so  firmly  that  it  can  not  be  washed  out  with 
hot  water,  although  the  potash  compounds  in  the  precipitate  are  .perfectly  soluble. 
It  appears  to  be  a  kind  of  molecular  adhesion." 

Our  experimental  data  seem  to  justify  the  following  statements : 

Too  high  results  are  obtained  (1)  by  direct  titration  of  milk  without  dilution,  (2) 
by  titration  after  simply  diluting  with  cold  or  even  with  hot  water,  (3)  by  titrating 
with  the  use  of  the  small  quantities  of  indicator  that  are  ordinarily  employed  in 
volumetric  work. 

Too  low  results  are  obtained  by  precipitating  the  casein  and  titrating  (1)  either  an 
aliquot  from  the  filtrate  or  (2)  the  entire  filtrate  and  washings. 

The  following  directions  will  determine  very  accurately  the  amount  of  acid  in 
milk,  giving  sharp  *'end  reaction*'  and  uniform  results: 

Take  20  cc  of  milk,  dilute  to  about  250  cc  with  boiling  water,  and  boil  for  one  to 
two  minutes;  add  about  2  cc  of  a  1  per  cent  solution  of  phenolphthaleiii  and  titrate 
with  standard  alkali. 

Mr.  Mitchell.  I  thought  something  could  be  done  at  this  time 
toward  the  formation  of  a  national  law  on  foods  and  dairy  products.  I 
would,  however,  like  some  one  else  to  take  the  initiative. 

The  President.  The  matter  will  be  considered  in  order. 

Mr.  Van  Slyke.  I  move  that  a  committee  of  three  be  appointed  to 
consider  the  matter  and  report  to  the  association  at  its  next  meeting. 

The  President.  Will  you  specify  as  to  the  title  under  which  the 
committee  shall  be  known? 

Mr.  Van  Slyke.  Committee  on  legislation  of  adulterated  foods,  or 
something  of  that  sort. 

The  President.  What  is  it  to  include! 
7388— :N'o.  47 9 
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Mr.  Mitchell.  I  think  the  less  we  ask  for  the  more  likely  we  are  to 
steer  clear  of  trouble  and  get  what  we  ask  for.  We  have  passed  a  law 
this  year  in  our  State  prohibiting  the  use  of  preservatives  in  dairy 
products.  I  think  the  less  we  try  to  do  at  once  in  the  way  of  legisla- 
tion the  better  for  us.    If  we  get  a  wedge  in,  we  can  increase  its  power. 

The  President.  How  much  has  this  committee  to  consider?  How 
extensive  is  the  field  in  which  it  has  to  work? 

Mr.  Wiley  expressed  himself  as  highly  in  favor  of  a  national  pure- 
food  lawj  but  thought  it  almost  useless  to  try  to  secure  legislation  on 
the  subject,  as  public  sentiment  did  not  demand  it. 

Mr.  Mitchell  spoke  of  the  laws  they  had  already  passed  in  the  State 
of  Wisconsin,  and  the  benefit  derived  from  them. 

Mr.  Woods.  I  believe  that  matters  of  this  kind  should  be  left  to  the 
agricultural  colleges  or  experiment  stations,  and  I  move  that  the  whole 
matter  be  laid  on  the  table. 

The  President.  The  motion  has  been  made  and  seconded  that  such 
a  committee  be  appointed. 

Mr.  Mitchell.  If  Mr.  Wiley  thinks  it  will  be  of  no  avail,  there  is  no 
object  in  putting  ourselves  on  record. 

The  President.  I  think  there  is  a  good  field  for  that  committee. 
It  can  take  the  matter  under  consideration  and  report  on  the  subject. 
There  are  numerous  ways  in  which  we  can  be  of  service,  and  such  a 
committee  can  do  lots  of  good  without  the  slightest  danger  to  the  asso- 
ciation. 

Mr.  Frear  thought  the  association  might  do  good  in  that  direction 
without  damage  to  its  reputation  as  a  scientific  body,  and  on  the  whole 
expressed  himself  as  in  favor  of  the  appointment  of  the  committee. 

The  motion  was  carried  without  further  discussion. 

EEPOET  ON  SUGAK. 
By  E.  E.  EwELL. 

The  only  recommendation  made  by  the  reporter  on  this  subject  last  year  for  our 
guidance  in  the  work  of  the  present  year  was  that  the  study  of  the  methods  for 
the  determination  of  moisture  be  continued.  As  many  of  the  other  official  methods 
under  the  head  of  sugar  analysis  have  never  been  made  to  yield  very  satisfactory 
results  when  subjected  to  comparative  trials  by  the  members  of  this  association, 
your  reporter  regarded  it  very  important  that  trials  of  these  methods  should  not  be 
abandoned  until  they  are  made  to  yield  more  gratifying  results.  A  letter  expressing 
this  opinion  was  sent  to  the  chemists  of  the  various  experiment  stations.  Of  the 
nine  chemists  who  consented  to  take  part  in  the  work  only  three  furnished  reports. 

As  the  work  of  the  past  has  shown  how  large  the  discrepancy  can  be  between  the 
results  obtained  in  the  analysis  of  comparatively  impure  saccharine  substances,  I 
thought  that,  in  renewing  the  work,  it  would  be  more  encouraging  to  attempt  to 
find  how  closely  results  can  be  made  to  agree  in  the  case  of  purer  materials.  When 
we  have  tested  our  methods  under  somewhat  favorable  circumstances,  we  shall  be 
better  prepared  to  attack  the  more  complicated  problems  offered  in  the  analysis  of 
low-grade  products.     With  purer  materials  it  is  also  very  much  easier  to  discover 
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and  eliminate  sources  of  error.  As  will  be  pointed  out  later  in  this  report,  I  am 
tborouglily  convinced  that  some  of  the  methods  now  ofticial  can  not  be  otherwise 
than  extremely  faulty  when  applied  to  very  low  grade  materials. 

It  has  been  the  experience  of  previous  reporters  on  this  subject  that  it  is  rather 
dititicult  to  prei^are  samples  of  saccharine  liquids  for  analyses  to  be  made  weeks  or 
months  afterwards  without  danger  of  fermentation  or  of  the  crystallization  of  a  por- 
tion of  the  sucrose  contained  in  them.  Profiting  by  the  experience  of  these  gentle- 
men, the  sample  was  prepared  by  agitating  an  excess  of  commercial  yellow  sugar 
with  cold  water  for  several  hours,  and  then  filtering  the  saturated  solution  thus 
obtained.  After  thorough  mixing,  this  sirup  was  placed  in  bottles,  securely  corked, 
and  sterilized  before  shipment  to  the  various  analysts. 

The  following  letter  of  instructions  was  sent  with  the  samples : 

United  States  DepaPvTmext  of  Agriculture, 

Divisiox  OF  Chemistry, 
Washinfjton,  IJ.  C,  April  S,  1895. 
Dear  Sir:  I  send  you,  under  separate  cover,  a  sami^le  of  sirup  for  your  use  in 
trials  of  the  oflScial  methods  of  the  A.  O.  A.  C.  for  the  analysis  of  such  substances. 
As  many  chemists  will  probably  not  have  time  to  make  all  of  the  determinations,  it 
is  requested  that  they  be  taken  up  in  the  order  in  which  they  are  named  below.  A 
comparison  will  thus  be  obtained  of  those  methods  which  are  the  most  troublesome 
and  in  greatest  need  of  improvement. 

1. — Determinatiox  of  Water. 

Little  that  is  encouraging  has  been  reported  in  regard  to  this  determination  since 
the  last  meeting  of  the  association,  excepting  a  preliminary  note  concerning  a  modi- 
fication of  Weisberg's pumice-stone  method  (Bull.  Assoc.  Chim.  France.ll.  524:  Proc. 
11th  Ann.  Con.  A.  0.  A.  C.  p.  "212),  upon  which  Messrs.  Carr  and  Sanborn,  of  this 
laboratory,  have  been  working  for  several  mouths.  It  is  to  be  hoj^ed  that  the  extreme 
conservatism  of  these  gentlemen  will  permit  them  to  announce  their  promising  modifi- 
cation of  this  method  in  detail  belore  the  time  arrives  for  the  reporter  on  methods  for 
sugar  analysis  to  send  out  samples  for  1896. 

As  none  of  the  methods  tried  last  year  promised  to  be  better  than  the  present  Offi 
cial  one,  the  persons  undertaking  the  work  are  asked  to  use  this  method  fsep  Bull. 
13.  p.  351).     In  your  report  please  give  detailed  data  m  regard  to  the  time  of  drying, 
the  loss  of  weight  during    each  period,  and  the  weight  of  material  taken  for  the 
determinations.     Also,  jjlease  briefiy  describe  the  construction  of  the  oven  used. 

If  time  permits,  determine  water  by  means  of  a  x^ycnometer  or  by  dilution  and 
use  of  a  pycnometer. 

2. — Determination  of  Sucrose. 

Make  this  determination  bv  each  of  the  inversion  methods  {a,  b,  r,  pp.  359  and  360 
of  Bull.  43). 

As  the  method  which  uses  yeast  as  the  inverting  agent  has  become  very  important 
for  the  determination  of  sucrose  in  the  presence  of  other  carbohydrates,  jilease  try 
this  method  also.     It  is  to  be  conducted  as  follows: 

Obtain  the  ])olariscopic  reading  before  inversion  by  the  ordinary  method.  Then, 
for  the  reading  alter  inversion,  dissolve  13.048  grams  of  the  sample  in  about  50  cc 
of  water  in  a  1<»0  cc  fiask,  heat  in  the  water  bath  to  55-,  and  add  one  half  cake  of 
compressed  yeast,  which  must  be  thoroughly  disintegrated  by  shaking.  Atter  main- 
taining the  temperature  of  the  mixture  at  55  for  five  hours,  add  2  cc  of  a  saturated 
solution  of  mercuric  chlorid  to  kill  the  yeast,  cool  to  the  temperature  of  the  room, 
clarify,  filter,  and  polarize. 

The  direct  and  indirect  readings  should  be  made  at  approximately  the  same  tem- 
perature, which  should  be  the  same  as  that  of  the  solutions  at  the  time  of  completing 
their  volume  and  filtering  them.  Please  report  in  full,  weights  taken,  volume  to 
which  diluted,  readings  before  and  after  inversion,  and  temperatures  at  the  time  of 
filling  flasks  to  the  mark,  as  well  as  at  the  time  of  making  the  polariscoj)ic  readings. 

If  you  have  time,  please  determine  sucrose  by  the  gravimetric  method,  using  the 
Clerget,  the  official  German,  and  yeast  methods  for  making  the  inversion.  Give 
a  detailed  account  of  your  method  of  manipulation  and  all  the  figures  necessary 
for  repeating  the  calculations.  For  this  calculation,  use  the  table  on  page  356,  Bui- 
let  in  43. 
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3. — IxvERT  Sugar. 

Use  method  {d),  page  355,  Bulletin  43.     If  sufficient  time  is  at  your  disposal,  make 
determinations  by  one  or  both  of  the  official  volumetric  methods.     Use  no  lead  or 
other  clarifying  agent  in  preparing  solutions  for  the  determination  of  invert  sugar. 
Very  respectfully, 

E.    E.    EWELL, 

Reporter  on  Methods  for  Sugar  Analysis. 

As  it  was  hoped  to  make  this  work  of  interest  to  all  persons  engaged  in  the  study 
of  carbohydrates  in  agricultural  products,  as  well  as  to  those  directly  interested  in 
the  sugar  industry,  a  first  step  in  the  extension  of  the  applicability  of  the  methods 
included  under  the  head  of  '^ Methods  of  sugar  analysis"  was  made  in  the  recom- 
mendation for  trial  of  a  method  of  inversion  of  sucrose  by  means  of  yeast  or  the 
inverting  agent  contained  therein.  Unfortunately,  your  reporter  momentarily  for- 
got the  use  of  starch  in  the  preparation  of  compressed  yeast,  and  directed  the  use 
of  heat  for  the  sterilization  of  the  mixture  after  inversion.  The  rotatory  power  of 
the  starch,  thus  rendered  soluble,  would  of  course  render  the  method  useless.  This 
error  may  be  avoided  by  the  use  of  mercuric  chlorid  for  the  sterilization,  but  a 
blank  control  experiment  is  still  necessary,  as  the  yeast  contains  soluble  optically 
active  substances.  [This  correction  has  been  made  in  the  letter  of  instruction  as 
given  above.]  Moreover,  neither  the  Clerget  factor  nor  the  factor  used  with  the 
official  German  method  is  applicable  when  the  inversion  is  made  with  yeast,  the  acid 
present  in  the  first  two  methods  increasing  the  rotatory  power  of  invert  sugar.  The 
results  given  under  the  head  of  ''Yeast  method"  in  the  table  which  follows  were 
obtained  by  use  of  the  factor  142.66. 

The  analytical  data  furnished  have  been  arranged  in  the  following  tables,  which 
will  be  found,  for  the  most  part,  self-explanatory : 


Analyst. 


Sucrose. 


Direct  ! 
polar- 
ization. 


Optical  methods  by  inversion. 


Official 
(a). 


T.  L.  Lyon,  Lincoln,  jSTebr.      60.  2 


M.  E.  Jaffa  and  Geo.  E. 

Colby,  Berkeley,  Cal 

Oma  Carr,  U.  S.  Depait- 

ment  of  Agriculture 

Reporter 


Official  Official    Yeast 


(h). 


(c).    imethod 


60.  39       60.  24 
60.27 


60.03  I  2  57.32 


'60.18 
60.15 


3.29 


457.21 


Gravi- 
metric 
method 


60.99 
60.72 


Total  solids. 


Eeduc- 

svigars.    opui- 
dle. 


4.30 
4.23 
4.30 


Pyc- 
nom- 
eter. 


68.29 
68.18 
68.25 
68.25 


1  The  continued  evohition  of  gas  rendered  the  completing  of  the  volume  very  difficult. 

2  Follower)  instructions  exactly,  i.  e.,  heated  to  kill  the  yeast. 

3 Hundredths  obtained  by  correction  for  error  in  the  volume  of  the  flask  used. 
*  Killed  the  yeast  by  use  of  mercuric  chlorid. 
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The  deteruiinations  of  water  by  dryiug,  reported  hj  myself,  were  made  for  a  com- 
parison of  the  relative  values  of  the  pumice-stone  method  and  the  ofdcial  method 
rather  than  for  an  actual  deteriuination  of  water  by  the  hxtter  method.  The  first 
weighings  were  made  much  sooner  (at  the  end  of  iive  hours)  than  the  ofBcial  method 
directs.  Your  reporter  feels  justified  in  recommending  the  abandonment  of  the 
present  official  method  in  the  case  of  all  liquid  and  semiliquid  products.  In  its  place, 
he  recommends  the  adoption  of  some  form  of  the  pumice-stone  method,  the  drying 
to  be  conducted  in  vacuum  in  some  cases,  possibly  in  all  cases,  the  temperature  being 
increased  as  the  relative  stability  of  the  material  under  examination  increases.  The 
first  noteworthy  mention  of  this  method  in  chemical  literature  seems  to  be  in  an 
article  on  the  subject  by  the  French  chemist,  Weisberg,  who  recommends  the  method 
very  highly.  This  article  appeared  in  March,  1894  (Bull.  Assoc.  Chim.,  France,  1894, 
11,  524).  As  the  method  has  also  been  made  the  subject  of  an  elaborate  series  of 
experiments  by  Messrs.  Carr  and  Sanborn,  of  the  laboratory  of  the  Department  of 
Agriculture,  evidence  of  its  value  is  not  wanting. 

The  following-  paper  on  drying  organic  matter  was  presented : 

THE  DEHYDEATION  OP  VISOOUS  OEGANIO  LIQUIDS. 

By  Oma  Carr  and  T.  F.  Sanborn. 

Under  this  title  the  authors  read,  at  the  seventy-sixth  meeting  of  the  Washington 
section  of  the  American  Chemical  Society,  a  preliminary  note  regarding  their  work 
in  the  elaboration  of  new  and  improvement  of  old  methods  of  moisture  determina- 
tions in  liquids  which  are  unstable  under  ordinary  conditions  of  drying  (Jour.  Am. 
Chem.  Soc,  V,  XVII,  2,  Feb.,  1895).  In  that  paper  a  rough  outline  of  the  method 
which  promised  superior  results  upon  further  trial  was  accompanied  by  a  brief 
r68um6  of  the  results  obtained  thereby  over  a  wide  range  of  diflicult  common 
materials.  No  mention  was  made,  however,  of  the  many  parallel  trials  with  other 
methods.  Results  covering  such  determinations  are  given  without  comment  in 
following  tables. 

DIFFICULTIES    OF    DEHYDRATION. 

It  is  not  deemed  necessary  to  call  particular  attention  to  the  difficulties  of  dehy- 
drating organic  liquids,  because  such  operation  is  one  of  the  commonly  attempted 
manipulations  of  the  laboratory.  Neither  is  it  considered  essential  to  note  the  many 
methods  proposed  for  avoidance  of  the  direct  estimation  of  water,  particularly  in 
industrial  chemistry  applied  to  sugar  and  glucose.  The  difficulties  are  due  in  the 
main  to  the  readily  decomposable  or  oxidizable  substances  contained  in  all  vegetable 
juices,  and  the  majority  of  proposed  remedies  seek  to  effect  the  determination  by  refer- 
ence to  the  specific  gravity.  For  many  j^urposes  existing  methods  suffice;  but  in 
the  refinements  sought  in  the  rigid  control  of  industrial  processes,  as  well  as  in  the 
accuracy  essential  in  analytical  schemes,  the  conventional  methods  are  far  from 
satisfactory. 

The  direct  methods  consist  simply  in  the  evaporation  of  the  water  from  a  definite 
portion  of  the  liquid,  differing  solely  in  the  manner  of  procedure.  For  example,  it 
is  found  that  drying  the  same  quantity  of  substance  during  the  same  time  at  the 
same  temperature,  but  in  vessels  of  differing  shapes,  affords  results  widely  divergent. 
Further,  the  addition  of  a  conducting  or  distributing  medium  changes  the  results 
still  further.  Conducting  the  desiccation  with  regard  for  the  avoidance  of  oxida- 
tion— in  an  atmosphere  of  hydrogen  or  carbonic  acid,  or,  the  reverse,  in  vacuo — gives 
rise  to  another  series  of  results.  No  better  illustration  of  this  difference  of  figures 
on  the  same  material  by  different  methods  of  procedure  may  be  quoted  than  the 
work  of  the  association. 

The  difficulty  of  quantitative  dehydration  of  the  class  of  materials  here  referred 
to  is  due  solely  to  decomposition  and  oxidation,  one  causing  an  apparent  excess  and 


135 

the  other  a  deficit  iu  the  final  percentage  of  water.  Complete  removal  of  this  diffi- 
culty may  be  accomplished  in  but  one  way,  viz,  establishment  of  the  conditions 
under  which  decomposition  and  oxidation  may  not  occur.  We  may,  perhaps,  eflfect 
this  operation  by  a  study  of  the  conditions  under  which  decomposition  and  oxidation 
do  occur  in  variable  intensity. 

EFFECT    OF    HEAT. 

The  tendency  of  many  organic  materials  to  undergo  decomposition  and  oxidation 
at  extreme  temperatures  is  very  well  known.  The  degree  of  heat  essential  to  a 
beginning  of  these  processes  is  quite  established  for  many  organic  compounds,  a 
number  of  quantitative  manipulations  being  based  upon  accurate  knowledge  of 
these  changes.  Our  knowledge  of  the  effect  of  heat  upon  the  various  bodies  con- 
stituting common  sugar  products,  however,  is  meager;  in  fact,  we  have  not  been 
able  to  frame  a  method  of  dehydration  in  which  the  extraordinary  eff"ects  of  heat 
have  not  rendered  it  worthless  in  accurate  work. 

With  the  view  of  demonstrating  the  effect  of  prolonged  heating  at  the  tempera- 
ture commonly  accepted  for  the  purpose  of  quantitative  dehydration,  we  prepared 
two  solutions  containing  practically  the  same  percentage  of  solids — one  of  pure 
sucrose  and  the  other  containing  sucrose,  glucose,  sodium  chlorid,  tannic  acid,  and 
gum  arabic.  These  solutions  were  dried  at  100^  in  an  air  bath,  weighings  being 
made  hourly  during  the  period  of  twenty-four  hours'  drying.  The  method  employed 
was  as  follows : 

Clean  pumice  stone  was  broken  into  fine  particles  the  size  of  No.  4  shot,  dust 
removed,  and  the  x>articles  ignited  in  a  hessian  crucible  to  redness.  This  material 
was  poured,  hot,  into  flat-bottomed  aluminum  dishes,  and  cooled  iu  desiccators.  The 
weight  of  the  dish  and  stone,  covered  by  a  ground  plate,  having  been  taken,  the 
solution  was  thoroughly  distributed  over  the  stone  by  means  of  a  pipette  weighing 
bottle,  the  weight  of  solution  being  found  by  difference.  Future  weighings  were 
made  quickly,  the  dish  being  covered  and  never  touched  by  the  fingers. 

The  results  of  this  work  are  embodied  in  Tables  la  and  Ic.  By  reference  thereto 
it  will  be  seen  that  the  mean  of  duplicates  for  pure  sugar  (Table  la)  showed  practi- 
cally no  change  during  the  twenty-four  hours,  while  for  the  mixture  (Table  Ic)  the 
decrease  was  regular  after  the  eighth  hour,  falling  from  a  maximiim  of  23.90  to  a 
minimum  of  22.18,  a  difierence  of  1.81,  or  about  8  per  cent  of  the  theoretical  solids. 
It  may  be  remarked  that  the  percents  for  the  fifth,  sixth,  seventh,  and  eighth  hours 
are  very  close  to  the  theoretical  content,  but  that  thereafter  the  rate  of  decomposi- 
tion was  rapid  and  constant. 

This  conduct  was  not  surprising,  being  simply  another  confirmation  of  the  impos- 
sibility of  submitting  certain  organic  substances  to  the  prolonged  ettectof  the  ordi- 
nary drying  temperature  without  constant  and  continuous  loss  of  weight.  AVhen 
we  consider  that  the  method  employed  offered  the  very  best  facilities  for  rapid  expul- 
sion of  moisture,  owing  to  distribution  of  small  quantities  over  large  surfaces,  we 
may  readily  comprehend  the  utter  impossibility  of  securing  constant  weight  iu 
methods  where  distribution  is  imperfect  and  time  of  drying  necessarily  longer. 

In  order  to  check  the  preceding  results  by  removing  the  possibility  of  oxidation, 
which  might  very  well  proceed  simultaneously  with  decom])ositiou  in  compensatory 
measure,  the  series  was  duplicated,  the  only  difierence  of  procedure  being  the  sub- 
stitution of  carbonic  acid  for  air  as  environment.  The  results  are  brought  together 
in  Tables  I  h  and  Id.  Reference  to  these  tabulations  will  indicate  that  tlie  behavior 
of  the  two  solutions  was  the  same  as  in  the  preceding  series,  proving  the  absence  of 
oxidation  in  the  first. 

These  results  lead  readily  to  the  following  conclusions: 

(1)  Prolonged  heating  of  low-grade  sugar  products  at  a  temperature  of  ItXV  in 
air  under  atmospheric  pressure  is  accompanied  by  continuous  decomposition  or 
oxidation,  the  rate  of  which  is  dependent  upon  character  of  material. 
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(2)  It  is  impossible  to  indicate  the  point  of  complete  dehydration  in  such  mate- 
rials with  certainty,  the  drying  having  been  accomplished  at  a  temperature  of  100°, 
in  air  under  atmospheric  pressure. 

It  appears  to  us  that  the  method  employed  offered  superior  advantages  as  regards 
distribution  of  the  material  and  rapidity  of  drying,  and  every  precaution  to  prevent 
entrance  of  error  was  observed. 

EFFECT    OF   HEAT    UPON   LEVULOSE. 

Inasmuch  as  sugar  products  generally,  and  those  of  cane-sugar  manufacture  par- 
ticularly, contain  large  percentages  of  levulose,  it  is  desirable  to  ascertain  the 
behavior  of  this  sugar  under  the  conditions  usually  present  during  dehydration  at 
100°  in  air  at  atmospheric  pressure.  In  this  work  we  employed  the  material  known 
under  the  trade  name  diabetine,  which  is  good  commercial  levulose.  The  material 
was  dissolved  in  water,  and  the  density  ascertained  hy  pycnometer  at  17.5°.  The 
drying  was  carried  out  as  in  the  preceding  work  in  all  particulars. 

In  Table  II  we  have  brought  together  the  results  of  eight  hours'  drying  in  quadru- 
plicate. Reference  to  the  table  shows  an  uninterrupted  loss  from  the  first  to  the  last 
hour,  when  the  weighings  were  discontinued.  The  per  cent  of  solids  decreased 
steadily  from  a  maximum  of  19.02  to  16.90,  the  solids  by  pycnometer  being  17.75. 
The  range  from  maximum  to  minimum  during  the  eight  hours  was  2.02,  or  12  per  cent 
of  the  theoretical  solids.  We  have  platted  these  figures,  and  they  may  be  seen  in 
graphic  section  on  the  chart. 

In  addition  to  the  preceding  experiments  with  levulose,  similar  work  ^\  as  carried 
out  with  association  sugar  sample  No.  2, 1894,  the  solids  of  which  contained  40  per 
cent  levulose.  The  determinations  were  made  as  in  the  foregoing  Avork,  in  quad- 
ruplicate, weighing  hourly.  The  diluted  material  was  employed,  the  solids  by 
pycnometer  being  25.5,  which  may  be  taken  to  represent  true  solids  inasmuch  as  the 
mixture  consisted  of  sucrose  and  levulose.  The  range  from  maximum  of  25.9  to  24.5 
(Table  VI  c)  amounts  to  1.40,  or  about  6  per  cent  of  the  theoretical  solids.  It  may 
be  remarked  that  for  the  two,  three,  four,  and  five  hours  the  found  solids,  average  of 
quadruplicates,  stood  exactly  at  the  per  cent  indicated  by  the  specific  gravity.  After 
the  fifth  hour,  however,  the  decrease  was  marked  and  rapid.  These  results  will  also 
be  found  platted  on  the  chart. 

From  these  results  we  may  conclude  that  it  is  impossible  to  dehj^drate  quantita- 
tively solutions  containing  levulose  without  the  occurrence  of  decomposition,  if  the 
temperature  be  100°,  the  environment,  air,  and  the  pressure  equal  to  that  of  the 
atmosnhere. 

INFLUENCE   OF   REDUCED   PRESSURE    AND   TEMPERATURE. 

It  appearing  from  the  foregoing  experiments  that  the  decomposition  found  at  100^ 
is  simply  a  function  of  temperature,  we  decided  to  ascertain  the  etiect  or  effects  of 
lower  degrees  of  heat.  This  we  accomplished  by  conducting  the  dehydration  in  vacuo, 
maintaining  the  temperature  slightly  in  excess  of  the  water  boiling-point  correspond- 
ing to  the  pressure.  The  first  experiment  was  conducted  by  weighing  the  diluted 
levulose  solution  upon  pumice  stone  contained  in  a  small,  thick-glass  flask,  connecting 
this  with  the  vacuum  pump,  and  placing  the  flask  in  an  air  bath.  The  vacuum  was 
25  inches,  corresponding  to  a  water  boiling-point  of  57°.  The  temperature  of  the 
bath  was  kept  at  70° — an  excess  over  the  boiling  point  of  13°.  The  drying  was  slow, 
requiring  eight  hours  to  reach  the  neighborhood  of  the  solids  indicated  by  density.  At 
the  fourteenth  hour  the  per  cent  h  ad  reached  the  theoretical  solids  and  remained  there 
until  discontinuance  of  weighings  at  the  end  of  thirty  hours.  These  figures  are  to 
be  found  in  Table  III,  and  have  been  platted  in  section  on  the  chart. 

The  second  experiment  was  conducted  in  a  vacuum  oven  (fig.  2),  designed  by  one 
of  us  for  the  purpose  of  facilitating  the  expulsion  of  moisture.  The  diluted  levulose 
solution  was  weighed  upon  pumice  stone  in  flat-bottomed  dishes  as  in  the  jirevious 
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experiiuents,  and  the  drying  conducted  precisely  as  heretofore,  with  the  exception 
regarding  lower  pressure  and  temperature,  the  latter  being  maintained  at  10-,  or 
13-  in  excess  of  the  boiling  point.  The  results  (Table  IV  )  are  quite,  as  extraordinary 
as  in  the  vacnum  experiment  given  above.  The  theoretical  solids  by  the  pycnometer 
was  17.10  per  cent.  At  the  end  of  four  hours  drying,  or  the  first  weighing,  the  mean  of 
triplicates  was  17.09,  which  figure  was  practically  maintained  during  seventeen  hours, 
or  until  weighings  were  discontinued.  The  widest  variation  was  0.03  per  cent,  or 
0.17  percent  of  the  total  solids.  Compared  with  the  results  upon  the  same  material 
at  100-  under  atuiospheric  pressure  during  one-half  the  time  of  submission  to  heat 
(the  loss  in  such  case  being  12  per  cent  of  the  total  solids),  these  figures  appear 
remarkable. 


N'acuum  drviui:  ovi 


From  these  exi>eriments  we  hazard  these  conclusions : 

(1)  Levulose  does  not  decomj^ose  when  dried  in  vacuo,  absolute  ])ressure  ."»  inches 
mercury,  at  70*^. 

(2)  It  is  possible  to  dehydrate  levulose  solutions  without  decomposition — that  is, 
to  constant  weight,  at  a  temperature  not  exceeding  70-. 

In  an  oven  constructed  with  due  regard  to  the  necessity  of  rapid  expulsion  of 
moisture  vapor  it  is  possible  to  reach  constant  weight,  oj)erating  as  in  the  foregoing 
experiment,  in  at  most  four  hours  drying.  That  this  constant  weight  corresponds 
to  complete  dehydration  is  indicated  l>y  the  agreement,  in  the  case  of  levulose,  of 
the  solids  found  by  drying  and  that  found  by  specific  gravity.     In  impure  materials 
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where  the  specific  gravity  is  useless  as  an  index  of  the  true  solids,  we  are  compelled 
to  accept  the  occurrence  of  constant  weight  as  the  point  of  complete  dehydration, 
and  it  appears  that  this  level  of  weight  may  he  maintained,  even  on  a  material  so 
sensitive  to  the  effect  of  heat  as  levulose,  during  long  periods — in  the  two  experi- 
ments detailed  for  sixteen  and  seventeen  hours,  respectively.  How  much  longer  this 
level  might  have  heen  held,  in  the  instances  cited,  may  not  be  stated,  hut  it  appears 
that  decomposition  does  not  occur  under  the  conditions  employed,  and  that  the  level 
of  weight  might  have  been  maintained  indefinitely. 

The  association  sample  of  1895,  although  containing  no  levulose,  or  a  very  minute 
quantity,  was  dried  under  conditions  of  vacuum  and  temperature  noted  for  the 
levulose  experiments  above;  and  the  means  of  quadruplicates,  which  varied  among 
themselves  but  0.03  p>er  cent  on  the  diluted  material^  stood  at  a  level  of  19.74  during 
six  hours,  or  a  total  drying  period  of  ten  hours.  Calculated  to  the  original  material, 
the  mean  of  the  quadruplicates  is  0.9  higher  than  the  solids  indicated  by  pycnometer 
and  about  the  same  per  cent  higher  than  the  solids  found  by  drying  at  100°  under 
atmospheric  pressure  and  selecting  arbitrarily  two  successive  weighings  aj^prox- 
imately  the  same.  The  figures  found  by  the  latter  method,  however,  show  the  con- 
tinous  decrease  mentioned  above,  the  solids  per  cent  being  selected  arbitrarily  and 
not  based  upon  an  actually  permanent  weight.  Judging  from  results  secured  upon 
solutions  of  known  strength,  we  believe  our  results  upon  the  1895  sample  more  nearly 
represent  true  solids  than  those  secured  by  drying  at  a  temperature  and  under  con- 
ditions known  to  be  favorable  to  decomposition  and  oxidation,  and  by  the  use  of 
^vhich  it  is  impossible  to  secure  a  permanent  level  of  weight  upon  materials  known 
to  be  subject  to  decomposition  and  oxidation.  Check  determinations  in  duplicate 
upon  the  1895  sample  confirm  the  j^revious  determinations  in  quadruplicate.  After 
reaching  constant  weight  in  vacuo  at  70°  (water  boiling-point  57°),  the  dishes  were 
dried  sixteen  hours  in  a  water-jacketed  bath  at  100°  under  atmospheric  pressure. 
The  results  at  70°  in  vacuo  confirm  the  determinations  in  quadruplicate,  and  are  thus 
stated : 

T  :rrno    Uhours 17.28    17.26    69.22    69.14 

Invacuo  at70°:^gjj^^^j.g ^^  28     17.26    69.22    69.14 

T      •      +iono    S    4hour8 17.50    17.52    70.00    70.03 

In  air  at  100   :  ^ -^g  j^^^j,^ -^r^QQ    -^^^g    ^q  4q    rj^Q^ 

It  appears  from  these  results  that  oxidation  began  immediately  upon  subjection  of 
the  material  to  a  temperature  of  100°  after  previous  complete  dehydration  at  a  lower 
temperature. 

In  conclusion,  we  desire  to  say  that  our  conclusions  regarding  the  method  to  be 
described  in  the  next  paragraph  are  not  based  upon  a  few  simple  trials,  but  upon 
results  covering  many  different  methods  and  conditions.  Our  work  embraces 
upward  of  5,000  separate  determinations,  ranging  over  all  the  better-known  methods 
and  covering  such  materials  as  pure  sugar  and  levulose  solutions,  honey,  molasses, 
molasses  ''flowers,"  sorghum,  beet  and  maize  juices,  milk,  cream,  rosin-turpentine 
solutions,  tanning  extracts,  etc.  Part  of  this  comparative  work  is  represented  in 
the  following  tables,  which  are  submitted  without  other  than  necessary  comment. 

THE   METHOD. 

(1)  Select  clean,  fine-grained  pumice  stone  and  divide  into  fragments  the  size  of 
No.  4  shot.  Pass  the  dust  through  a  40-mesh  sieve  and  treat  separately  from  the 
larger  particles.  Digest  hot  with  2  per  cent  sulphuric  acid  and  wash  until  the  last 
trace  of  acid  disappears  from  the  wash  water.  Owing  to  the  ready  subsidence  of 
the  material,  the  washing  may  be  accomplished  rapidly  by  decantation.  After 
complete  washing,  place  the  material,  wet,  in  a  hessian  crucible  and  bring  to  redness 
in  a  monitor  or  other  convenient  furnace.  When  complete  expulsion  of  water  is 
assured,  place,  hot,  in  a  desiccator,  or  direct  into  the  drying  dishes  if  desired  for  use 
immediately.     In  loading  the  dishes  place  a  thin  layer  of  the  dust  over  the  bottom 
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of  the  dish  to  prevent  contact  of  the  material  to  be  dried  "vrith  the  metal;  over  this 
layer  place  the  larger  ])articles,  nearly  filling  the  dish.  If  the  stone  has  been  well 
washed  with  the  acid  no  harm  may  result  from  placing  the  dish  and  stone  over  the 
flame  for  a  moment  before  jilacing  in  the  desiccator  prej^aratory  to  weighing. 

(2;  If  the  material  to  be  dried  is  dense,  dilute  until  the  specific  gravity  is  in  the 
neighborhood  of  1.08  by  dissolving  a  weighed  quantity  in  a  weighed  quantity  of 
water.  (Alcohol  may  be  substituted  in  material  not  precipitable  thereby.)  Of  this, 
2  to  3  grams  may  be  distributed  over  the  stone  in  a  dish,  the  area  of  which  is  in  the 
neighborhood  of  8  square  inches,  or  1  gram  for  each  square  inch  of  area.  Distribute 
this  material  uniformly  over  the  stone  by  means  of  a  pipette  weighing-bottle  (weigh- 
ing direct  upon  the  stone  will  not  answer),  ascertaining  the  weight  taken  by  differ- 
ence. 

(3)  Place  the  dishes  in  a  vacuum  oven,  in  which  may  be  maintained  a  pressure  of 
not  more  than  5  inches  mercury,  absolute.  The  form  of  oven  is  not  material  so  long 
as  the  moisture  escapes  freely  by  passing  a  slow  current  of  air  (dried)  beneath  the 
shelf  supporting  the  dishes.  The  temperature  must  be  maintained  at  70-  and  the 
vacuum  at  25  inches. 

(4)  All  weighings  must  be  taken  when  the  dish  is  covered  by  a  ground  plate,  and 
the  open  dish  must  not  be  exposed  to  the  air  longer  than  absolutely  necessary. 
Weighings  should  T)e  made  at  intervals  of  two  or  three  hours. 

Table  la. — Effect  of  prolonged  dri/ing — jyure  sugar  solution. 

Method. — On  pumice  stone  in  tiat-bottomefl  dishes,  at  100".  weighed  hourly.     Dried  in  air. 

Specilic  gravity,  hy  pycnometer.  at  17.5= 1.  09953 

Degrees  Brix  corresponding  to  above 23.  6 


Hours. 


Xo.  1. 


Xo.  2. 


Means. 


Per 

■eiit 

2.^ 

91 

23 

84 

23 

77 

23 

87 

23 

74 

I'ercent.     Percent. 

1 24.01  23.^0 

2 23.87  23.80 

3 ,  23.80  23.74 

4 1  23.99  23.85 

5 23.77  23.70 

6 23.92  23.  G4  23. 

7 23.93  23.70  23. 

8 23.79  23.63  23. 

9 23.88  23.61  23. 

10 23.94  23.72  23. 

11 24.05  23.73  23. 

12 24.13  23.71  23. 

13 24.05  23.74  23. 

14 24.05  2...  75  23. 

15 24.05  23.70  23. 

16 24.05  23.71  23. 

17 24.05  23.68  23. 

18 23.95  23.52  23. 

19 24.00  23.59  23. 

20 24.00  2:'..  60  23. 

21 23.98  23.54  23. 

22 23.91  23.46  23 

23 23.91  23.47  23. 

24 23.99  23.52  23. 

Means 23.97  23.66  23, 


92 


82 


Range,  inaxinmni  to  niininimii.  0.31. 
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Table  I  b. — Effect  of  prolonged  drying — pare  sugar  solution. 

Method. — On  pumice  stone  in  flat-bottomed  dishes,  at  100°,  weighed  hourly.     Dried  in  CO2. 

Specific  gravity,  by  pycnometer,  at  17.5° 1.09953 

Degrees  Brix  corresponding  to  above 23.6 


Hours. 


Means . 


RANGE. 

Maximum  to  minimum 

Maximum  to  mean 

Minimum  to  mean 


Means. 


Per  cent. 
23.94 
23.80 
23.75 
23.69 
23.62 
23.60 
23.61 
23.53 
23.48 
23.48 
23.49 
23.44 
23.63 
23.  43 
23.30 
23.32 
23.  32 
23.22 
23.22 
23.  22 
23.11 
22.98 


Per  cent. !  Per  cent. 


24.00 
24.08 
23.98 
23.68 
23.67 
23.83 
23.86 
23.78 
23.74 
23.85 
23.93 
23.  i9 
24.00 
23.86 
23.79 
23.82 
23.83 
23.78 
23.76 
23.79 
23.68 
23.61 


23.  97 
23.94 
23.91 
23.69 
23.65 
23.72 
23.73 
23.65 
23.61 
23.66 
23.71 
23.  62 
23.82 
23. 65 
23.55 
23.57 
23.58 
23.50 
23.  49 
23.51 
23.40 
23.30 


22.98 

23.61 

23.30 

23.09 

23.71 

23.  40 

23.43 

23.77 

23.60 

0.96  ! 

0.47 

0.67 

.51  i 

.31 

.37 

.45  1 

.16 

.30 
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Table  I  o. — Effect  of  jyrolonged  drying — mixed  solution. 

Method. — On  pumice  stone  in  flat  bottomed  dishes,  at  100^,  weighed  hourly.     Dried  in  air.     'For 
composition  of  this  solution,  see  Table  Vlil.) 

Speciiic  gravity,  by  pycnometer,  at  17.5^ 1. 10218 

IJe^ees  Brix  corresponding  to  above 24. 15 

Degrees  Brix,  theoretical 23. 63 


Hours. 


:N'o.  1. 


Xo.  2. 


Means 


1 

2 

3 

4 ... 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Means 

RA>"GE. 

Maximum  to  minimum 
Maximum  to  mean . .  . . . 
Minimum  to  mean 


Per  cent. 

Per  cent. 

Per  cent. 

23.87 

23.93 

23.90 

23.76 

23.67 

23.72 

23.72 

23.  66 

23.  69 

23.  90 

23.  93 

23.92 

23.  70 

23.  72 

23.71 

23.65 

23.  65 

23.  65 

23.70 

23.68 

23.  69 

23.  63 

23.64 

23.63 

23.  47 

23.49 

23.48 

23.  40 

23.49 

23.44 

23.  39 

23.42 

23.41 

23.  37 

23.  26 

23.32 

23.  27 

23.29 

23.  28 

23.17 

23.24 

23.21 

23.06 

22.  98 

23.02 

22.88 

22.88 

22.88 

22.83 

22.83 

22.83 

22.55 

22.58 

22.57 

22.  51 

22.58 

22.55 

22.  46 

22.49 

22.48 

22.38 

22.33 

22.36 

22.  20 

22.15 

22.18 

22.12 

22.09 

22. 11 

22.20 

22.16 

22.18 

23.13 

23.17 

23.15 

1.78 

1.84 

1.81  1 

.77 

.76 

.77  i 

1.01 

1.08 

1.04  1 
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Table  I  d. — Effect  of  xrrolonged  drying — mixed  solution. 

Method. — On  pumice  stone  in  flat-bottomed  dishes,  at  100°,  weighed  hourly.     Dried  in  COj.     (Foi 
composition  of  this  solution,  see  Table  VITI.) 

Specific  gravity,  by  pycnometer,  at  17.5° 1. 102]^ 

Degrees  Brix  corresponding  to  above 24. 15 

Degrees  Brix,  theoretical , 23.  63 


Hours. 


:n^o.  1. 


Means. 


Means 


RANGE. 

Maximum  to  minimum . 

Maximum  to  mean 

Minimum  to  mean 


Per  cent. 


Per  cent. 
23.96 
23.76 
23.  79 
23.66 
23.59 
23.58 
23.58 
23.51 
23. 43 
23.41 
23. 43 
23.25 
23.29 
23.28 
22.91 
22.80 
22.  74 
22.69 
22. 69 
22.59 
22.43 
22.34 
22.25 
22.46 


2.32 
1.12 

1.20 


Per  cent. 
23.83 
23.76 
23.71 
23.56 
23.43 
23.45 
23.  45 
23.31 
23.22 
23.15 
23,13 
23.01 
23.06 
22.87 
'22.63 
22.52 
22.45 
22.38 
22. 31 
22.23 
22.04 
21.95 
22.85 
22.03 


23.14 


1.71 

.82 
.89 


22, 89 


1.88 
.94 
.94 
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Table  II. — Solution  of  diahetine  (hvidose). 

Method. — On  pumice    stone  in  flat-bottomed   dishes,   at  lOO-,   in  air.      Weighed  honrly  for  Kos.  1 
and  2.  and  at  two-hour  intervals  for  Xos.  3  and  4. 

Specific  gravity,  by  pycnometer,  at  1?.5^ 1. 07318 

Degrees  Brix  corresponding  to  above 17.  75 


Means 


Hours. 

■N'o.  1. 

No.  2. 

No.  3. 

Xo.  4. 

Means. 

1.... 

Per  cent. 
18.84 

Per  cent. 
19.19 

Per  cent. 

Per  cent. 

Per  cent. 
19  02 

RANGE. 

Maximum  to  minimum. 

Maximum  to  mean 

Minimum  to  mean 


18.49 
18.39 
17.03 
17.24 
16.  98 


17.81 


1.86 

1.03 

.83 


18.84 
18.76 
18.14 
17.60 
17.44 


18.  35 


18.42 


18.23 


18.34 


17.42 
17.  04 


17.  53 
16.92 


18.53 
18.57 
18.16 
17.42 
17.34 
16.90 


18.  33 


17.76 


17.80         17.93 


1.50 
.62 


2.04 
1.09 


.89 


72 


Table  III. — Diaheiine. 

Method.— On  pumice  stone  in  flask  connected  with  vacuum  pump,  flask  being  placed  in  air  bath. 


H---                    j\\X"      ^"<'- 

H^O. 

4 

8 

Beg.  C.     Per  cent. 
60           24. 91 
75            15  98 

Per  cent. 
75.09 
84.02 
84.  5.5 
84.  83 
84.78 
84.70 
84.76 
84.75 
84.75 

12 

14 

16 

20 

23 

26 

30 

75 
75 
75 
05-70 
65 
60 
60 

15.  45 
15.17 
15.22 
15.30 
15.  24 
15.25 
15.25 

Per  cent  solids,  by  pycnometer 
Per  cent  water 


1.5.  25 
84.75 


Table  IV. — Diahetine. 

Method. — On  pumice   stone  in  flat-bottomed  dishes,  at  70'^,  in  vacuum  »i  l'j  inches,  in  Carr  s  dry- 
ing oven. 
Solids  by  pycnoiaeter 17. 10 


Hours. 

So.  1. 

No.  2. 

No.  3. 

Means. 

1 

1 

Per  cent. 
17.12 
17.11 
17.06 
17.09 

Per  cent. 
17.09 
17.09 
17.05 
17.07 

Per  cent. 
17.06 

17.08 
17.06 
17.07 

Per  cent. 
17.09 

i 

8  .                    

17  (19 

12 

17  06 

17 

17  08     i 

1 
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Table  V.— ^.  0.  A.  C.  sample,  1895. 

Method. — On  pumice  .stone  in  flat-bottomed  divshes  in  vacuum  of  25  inches,  temperature  of  70°,  in 
Carr's  drying  oven. 

Specific  g^a^'ity  of  diluted  sample,  at  17. 5^ „ 1. 08098 

Degrees  Brix  corresponding  to  above - 19. 49 


Hours. 

No.l. 

lSo.2. 

No.  3. 

No.  4. 

Means. 

2                         

Per  cent. 
19.85 
19.76 
19.76 
19.76 
19.76 

Per  cent. 
19.84 
19.75 
19.75 
19.75 
19.75 

Per  cent. 
19.80 
19.73 
19.73 
19.73 
19.73 

Per  cent. 
19.80 
19.73 
19.73 
19.73 
19.73 

Per  cent. 
19.82 
19.74 
19.74 
19.74 
19.74 



6.. 

8.. 

10.- 

Means 

19.78 

19.77 

19.76 

19.76 

19.77 

Table  Yla.—A.  O.  A.  C.  samples,  1894. 

No.l. 

Method.— On  pumice  stone  in  flat-bottomed  dishes,  at  100°,  in  air. 

Specific  gravity  of  diluted  sample,  at  17.5° 1.09875 

Degrees  Brix  corresponding  to  above 23.4 


Hours. 

Ko.L 

No.  2. 

No.  3. 

No.  4. 

Means. 

1 

2 

3 

4         

Per  cent. 
23.08 
22.69 
22.73 
22.81 
22.67 
22.18 
2L84 
2L36 

Per  cent. 
23.09 
22.  78 
22.78 
22.73 
22.74 
22.17 
21.91 
2L50 

Per  cent. 
23.07 
22.69 
22.68 
22.67 
22.66 
22.11 
2L66 
21.27 

Per  cent. 
23.11 
22.67 
22.55 
22.56 
22.50 
2L79 
2L26 
20.66 

Per  cent. 
23.09 
22.71 
22.69 
22.69 
22.64 
22.06 
21.67 
2L13 

5               ... 

6 

7 

8 

Means 

RANGE. 

Maximum  to  minimum 

Maximum  to  mean 

Minimum  to  mean 

22.42 

22.46 

22.35 

22.14 

22.34 

1.72 

.66 

1.06 

1.59 
.63 
.96 

1.80 

.72 

1.08 

2.45 

.97 

1.48 

L96     1 
L21     ! 
1.21     \ 
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Table  VI  h.—A.  O.  A.  C.  samples,  1894. 

Xo.  1.— (See  Table  VI  a.) 

Method.— On  pumice  stone  in  flat-bottomed  dishes,  at  100°,  in  air,  weighed  at  intervals  of  two  hours. 

Specitic  gravity  of  diluted  sample,  at  17.5° 1. 09875 

Degrees  Brix  corresponding  to  above 23. 4 


Hours. 

No.  1. 

No.  2. 

No.  3. 

Means. 

2 

4 

Per  cent. 
22.39 
22.15 
22.26 
22.22 

Per  cent. 
22.49 

22.28 
22.39 
22.36 

Per  cent. 
22.38 
22.26 
22.31 
22.11 

Per  cent. ' 
22.42 
22.23 
22.32 
22.23 

6                                 

8         

Means   

22.26 

22.36 

22.27 

22.30 

RA>JGE. 

Maximum  to  minimum           ...... 

0.24 
.13 

.u 

0.21 
.13 
.08 

0.27 
.11 

.13, 

0.19 
.12 
.07 

Maximum  to  mean 

Minimum  to  mean 

Table  Vie— J.  O.  A.  C.  samples,  1894. 
No.  2. 
Method. — On  pumice  stone  in  flat-bottomed  dishes,  at  100°,  in  air,  weighed  hourly. 

Specific  gravity  of  diluted  sample,  at  17.5° 1.1085 

Degrees  Brix  corresponding  to  above 25. 5 


ft 


Hours. 

No.  1. 

No.  2. 

No.  3.         No.  4. 

Means. 

1                       

Per  cent. 
25.64 
25.43 
25.42 
25.41 
25.52 
24  97 

Per  cent. 
25.93 
25.50 
25.57 
25.56 
25.68 
25.31 
24.98 
24.56 

Per  cent.    Per  cent. 
25.85           26.17 
25.50           25.51 
25.  42           25.  57 
25.  44           25.  60 
25.44           25.56 
24.96           24.99 
.24.72  i        24.77 
24.  29  1        24.  61 

Per  cent. 
25.90 
25.49 
25.50 
25.50 
25.50 
25.06 
24.81 
24.50 

2  

3 

4 

5 

6 

7 

8 

24.78 
24.53 

:peans 

25.21 

25.38 

25.  20          25.  35 

25.  29 

RANGE. 

Maximum  to  minimum 

Maximum  to  mean 

Lll 
.43 

.68 

1.37 
55 

1 
1.56:          1.56 
R'^  1              so 

1.40 
.61 
.79 

Minimum  to  mean  ..... 

.82   1                 91    i                 71 

■    1 

7388— No.  4' 


10 
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Table  VI  d.—A.  O.  A.  C.  samples,  1894. 

No.  2.— (See  Table  VI  c.) 

Method. — On  pumice  stoue  in  flat  bottomed  dishes,  atlOO^,  in  air,  weighed  atiutervala  of  two  hours. 

Specific  gravity  of  diluted  sample,  at  17.5° 1. 1085 

Degrees  Brix  corresponding  to  above 25.  5 


Hours. 

No.  1. 

No.  2. 

No.  3. 

Means. 

2                 

Per  cent. 
25.48 
25.21 
25.27 
25.  45 

Per  cent. 
25.61 
25.52 
25.45 
25.52 

Per  cent. 
25.49 

25.20 
25.33 

25.27 

Per  cent. 
25.53 
25.31 
25.35 
25.41 

4 

6  

8                

Means                .... 

25.35 

25.53 

25.32 

25.39 

BANCE. 

Maximum  to  minimum    . . 

0.27 
.13 
.14 

0.16 
.08 
.08 

0.29 
.17 
.12 

0.22 
.14 
.08 

Minimum  to  mean 

Table  VI  e. — A.  0.  A.  C.  samples,  1894. 
No.  2. 
Method.— On  pumice  stone  in  flat-bottomed  dishes,  at  100°,  in  air. 

Specific  gravity  of  diluted  sample,  at  17.5° 

Degrees  Brix  corresponding  to  above 


0242 
.12 


Hours. 

No.l. 

No.  2. 

No.  3. 

1 
Means. 

1                

Per  cent. 
6.18 
6.13 
6.09 
6.09 
6.13 

Per  cent. 
6.31 
6.19 
6.11 
6.15 
6.22 

Per  cent. 
6.35 
6.19 
6.13 
6.16 
6.21 

Per  cent. 
6.25 
6.17 
6.12 
6.13 
6.19 

2                                   

3       

4                  

7                                   .           

6.12 

6.20 

6.16 

6.17 

RANGE. 

0.09 
.06 
.03 

0.20 

■I 

0.12 
.09 
.03 

1 
0.13 

.08 

.05 

Minimum  to  mean 

Table  VII. — Pure  sugar  solution. 
Method.— On  pumice  stone  in  flat-bottomed  dishes,  in  air,  at  100°  (a),  and  in  CO2,  at  100°  (h). 

Specific  gravity,  by  pycnometer,  at  17.5° 1, 

Degrees  Brix  corresponding  to  above 23. 


Hours. 

(a)  In  air. 

(h)  In  COj. 

No.  1. 

No.  2. 

Means. 

No.l. 

No.  2. 

Means. 

3 

Per  cent. 
23.71 
23.74 

Per  cent. 
23.69 
23.76 

Per  cent. 
23.70 
23.75 

Per  cent. 
24.43 
23.93 

Per  cent. 
24.22 
23.92 

Per  cent. 
24.33 
23.93 

Means 

23.73           23.73 

23.73 

24.18 

24.07 

24.13 
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Table  VIII. — Mixed  solution. 
Composition : 
41.669  grams  sucrose.  2.086  grams  sodium  chlorid.  1 

4.168  grams  glucose.  2.086  grams  gum  arabic. 

2Iethod.—Oii  pumice  stone  in  flat-l)Ottoiii«d  di.shes,  in  air,  at  100=. 

Specific  gravity,  by  pycnometer.  at  17.5= 1- 10218 

Degrees  Brix,  corresponding  to  above 24. 15 

Degrees  Brix,  theoretical 23.63 


2.ueti  grams  tannic  acid. 
Made  to  a  volume  of  200  cc. 


Hours. 

Xo.l.          Xo.2.     '     Xo.3. 

Means. 

!    3 

23.  t53           23.  70           23.  73 

23.69 

1 

Range: 

Maximum  to  minimum 0. 10 

Maximum  to  mean -■ 04 

Minimum  to  mean 06 


Table  IX. — Honey. 


Method.— On  pumice  stone  in  flat-bottomed  dishe.-*,  at  100"-.  in  air. 

Specific  gravity  of  diluted  honey,  at  17.5- 1.  0845 

Degrees  Brix  corresponding  to  above 20.  27 


Hours. 

Xo.l. 

No.  2. 

ifo.3. 

Xo.  4. 

Xo.  5. 

Xo.  6. 

Means. 

1 

1.- 

2.. 
3.. 

Per  ct. 

...      20. 89 
...      20.66 

- . . '    20.  59 

Per  ct. 
20.97 
20.61 
20.62 
20.53 

Per  ct. 
20.82 
20.78 
20.51 
20.60 

Per  ct. 
20.76 
20.52 
20.55 
20.66 

Per  ct. 
20.74 
20.51 
20.52 
20.59 

Per  ct. 
20.83 
20.73 
20.54 
20.67 

Per  cent.  \ 
20.84    1 
20.64 
20.  5(3 

4.. 

Ma 
Ma 
Mil 

Cleans  

BA>-GE. 
ximiun  to  minimum  . . . 

. . .      20.  69 

20.62 

. .  -      20.  71 

20.  68 

20.68 

20.67 

20.59 

20.69 

20.66 

0.  30 
.18 

0.44 
.29 
.15 

0.31 
.14 
.17 

0.  24 
.14 
.10 

0.23 
.15 
.08 

0.29 
.14 
.15 

0.28     1 
.18 

.12 

.10 

i 
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Table  X. — Maize  juice,  23  years  old. 

Method.— On  pumice  stone  in  flat-bottomed  dishes,  at  100°,  in  air,  weighing  hourly 

Specific  gravity,  by  pycnometer,  at  17.5° 1.  0655 

Degrees  Brix  correspojiding  to  above 16.  00 

Purity 24.19 


Hours. 

No.l. 

:N'o.  2. 

No.  3. 

No.  4. 

Means. 

1        

Per  cent. 
15.31 
14.90 
14.91 
14.85 
14.94 
14.40 
14.05 
14.17 
14.01 

Per  cent. 
15.35 
15.03 
15.04 
14.96 
14.91 
14.34 
14.30 
14.29 
14.16 

Per  cent. 
15.24 

14.  98 
14.94 
14.85 

15.  00 
14.46 
14.34 
14.43 
14.38 

Per  cent. 
15.11 
14.99 
14.97 
14.90 
14.90 
14.41 
14.44 
14.50 
14.20 

Per  cent. 
15.25 
14.97 
14.96 
14.89 
14.94 
14.40 
14.28 
14.35 
14.19 

2                      

3 

4     

5 

6                                 

7         

8                       

9                                 

14.62 

14.71 

14.74 

14.71 

14.70 

RANGE. 
Maximum  to  minimum 

1.30 
.69 
.61 

1.19 
.64 
.55 

0.86 
.50 
.36 

0.91 
.40 
.51 

1.06 
.55 
.51 

jVIinimum  to  mean 

Table  XI. — Sorghum  juice. 

Method.— On  pumice  stone  in  flat-bottomed  dishes,  at  100°,  in  air. 
Specific  gravity  by  pycnometer,  at  17.5°. 


Degrees  Brix  corresponding  to  above 16.  75 


Hours. 

No.l. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No  6. 

Means. 

2        

Per  ct. 
13.91 
13.65 
13.57 
13.  5J 
13. 41 
13.44 

Per  ct. 
13.82 
13.60 
13.50 
13.42 
13.33 
13.35 

Per  ct. 
13.80 
13.63 
13.56 
13.45 
13.42 
13.44 

Per  ct. 
14.07 
13.80 
13.59 
13.50 
13.34 
13.48 

Per  ct. 
13.98 
13.80 
13.62 
13.49 
13.36 
13.46 

Per  ct. 

14.02 

Per  cent. 
13.93 

3                          

13.78 

13.71 

4                                 

13.  58         13.  57 
13.43         13.47 
13.35         13.37 
13.40         13.43 

5                    

6                        

7 

Means 

RANGE. 

Maximum  to  minimum 

Maximum  to  mean 

13.58 

0.50 
.33 
.12 

13.50 

13.55 

13.63 

13.62 

13.  59  1       13.  58 

0.49 
.32 
.17 

0.37 
.25 
.12 

0.73 
.44 
.29 

0.62 
.36 
.26 

0.77 
.43 
.34 

0.56 
.35 

.21     1 
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Table  XII. — "^orffJtum  Juice. 

Method. — Oq  pumice  stone  in  Jiat-bottoraed  dishes,  at  100^,  in  air. 

Specific  gravity  by  hydrometer,  at  17.5^ 1.0834 

Degrees  Brix  corresponding  to  above 20. 05 


Hours. 

N0.1. 

Xo.2. 

No.  3. 

Xo.4. 

Means. 

1        .            .                  

Percent. 
18.75 
18.77 
18.80 

Per  cent. 
18.73 
18.65 
18.86 

Per  cent. 
18.86 
18.77 
18.80 

Per  cent. 

18.79 
18.66 
18.70 

Per  cent. 
18.78 

18.71 
18.79 

2      

3 

Means 

RANGE. 
Maximum  to  minimum 

18.77 

18.75 

18.81 

18.72 

18.76 

0.05 
.03 
.02 

0.21 
.11 
.10 

0.09 
.05 

.04 

0.13 
.07 
.06 

0.08     1 
.03     ! 

Minimum  to  mean 

.05 

Table  XIII. — Cream. 
Method. — On  pumice-stone  in  fiat-bottomed  dishes,  at  100,  in  air. 


Hours. 

Xo.  1. 

^'o.  2. 

Xo.  3. 

Xo.  4. 

Means. 

9 

1 
Percent. 

.-'        24.35 

Percent. 

24.22 
24.14 
24.14 

Percent. 
24.47 
24.19 
24.19 

Percent. 
24.30 
24.19 
24.19 

Per  cent. 
24.  3-t 

3 

4 

Mean« 

BAXGE. 

Maximum  to  minimum . . . 
Maximum  to  mean 

. . '        24.  22 
24.19 

24.19 

24.  ]  8 

..'        24.25 

24.17 

24.28 

24.23 

24.24 

0. 16 
10 

0.08 
.05 
.03 

0.28 
.19 
.0. 

0.11 
.07 
.04 

0.16 
.10 
.06 

Minimum  to  mean 

.:■        .06 

Table  XIV. — Pure  sugar  solution. 

M  thod. — On  ignited  asbestus-board  disks  in  tiat-bottomed  dishes,  in  CO^,  at  100- 

Specific  gravity  by  pycnometer.  at  17.5^ 

Degrees  Brix  corresponding  to  above 


1.  07751 
18.7 


Hours. 

Xo.  1. 

Xo.  2. 

Means. 

2 

4 

6 

Per  cent. 
19.  95 
19.71 
19.  63 
19.45 

Percent. 
19.  .52 
19.48 
19.52 
19.15 

Per  cent. 
19.74 
19.60 
19.59 
19.30 

8 

Means 

RAXGE. 

Ma.ximum  to  minimum 

Maximum  to  mean 

Minimum  to  mean 

19.69 

19.42 

19.55 

0.50 
.20 
.24 

0.37 
.10 
.27 

0.44 
.19 
.25 
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Table  XV. — Mixed  solution. 

Method.— On  ignited  asbestus-board  disks  in  flat-bottomed  dishes,  in  CO2,  at  100°.     (For  composition 
of  this  solution,  see  Table  III.) 

Specific  gravity,  by  pycnometer,  at  17.5° 1.0816 

Degrees  Brix  corresponding  to  above 19. 6 


Hours. 

No.  1. 

Xo.  2. 

Means. 

2 ...-• 

Per  cent. 
18.73 
18.48 
18.19 
17.78 

Per  cent. 
19.00 
18.73 
17.85 
17.67 

Per  cent. 
18.87 
18.61 
18.02 
17.73 

4 

6 

8 

Means           ..... 

18.29 

18.31 

18.30 

RANGE. 

Maximum  to  minimum 

Maximum  to  mean 

0.95 
.44 
.51 

1.33 
.69 
.64 

1.14 

.57 

.57     1 

Minimum  to  mean 

Table  XVI. — Pure  sugar  solution. 

Method.— Drying  in  U  tube  in  current  of  CO2,  at  100°. 

Specific  gravity,  by  pycnometer,  at  17.5° 1.07751 

Degrees  Brix  corresponding  to  above 18.  7 


Hours. 

No.l. 

No.  2. 

No.  3. 

Means. 

2      .                             

Per  cent. 
18.71 
18.44 

Per  cent. 
18.43 
18.27 

Per  cent. 
17.92 

17.72 

Per  cent. 
18.35 
18.14 

6 

Means 

18.57 

18.35 

17.82 

18.25 

Eange,  maximum  to  minimum,  0.75. 


Table  XVII. — Mixed  solution. 

Method. — Drying  in  U  tube  in  current  of  CO'^,  at  100". 

Specific  gravity,  by  pycnometer,  at  17.5° 1. 0816 

Degrees  Brix  corresponding  to  above 19.  6 


Hours. 

No.l. 

No.  2. 

No.  3, 

Means. 

2 

Per  cent. 
17.44 
17.17 

Per  cent. 
17.24 
16.83 

Per  cent. 
16.93 

16.78 

Per  cent. 
17.20 
16.93 

6 - 

17.31 

17.04 

16.86 

17.  00 

Kange,  maximum  to  minimum,  0.45. 
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Table  XVIII. — I'ln-e  sugar  solution. 

Method. — Drying  in  vacuo  on  Adams's  paper  (Josses  method),  using  Spencer's  modification  of  Cour- 
tonnes  drying  oven,  at  100°. 

Specific  gravity,  by  pycnometer,  at  17.  5° 1.  07751 

Degrees  Brix  corresponding  to  above 18.  7 


Hours. 

No.  1. 

Xo.  2. 

No.  3. 

No.  4. 

Means. 

2                               

Per  cent. 
19.03 
19.17 
19.18 

Per  cent. 
17.75 
17.99 
18.80 

Per  cent. 
17.70 
17.52 
17.75 

Per  cent. 
17.63 

17.71 
18.31 

Per  cent. 
18.03 
18.10 
18.51 

4     

6.., 

19.13 

17.94 

17.66 

17.88 

18.16 

Range,  maximum  to  minimum,  1.47. 


Table  XIX. — Mixed  solution. 


Composition : 

70.  0  grams  pure  sucrose. 
10.  0  grams  sodium  cblorid. 
8.  7  grama  glucose. 


1. 3  grams  tannic  acid. 
10.  0  grams  gum  arabic. 
Made  up  to  500  cc. 

Method. — Drying  in  vacuo  on  Adams's  paper  (Josse's  method),  using  Spencer's  modification  of  Cour- 
toTines  drying  oven,  at  100°. 

S|)ecific  gravity,  by  pycnometer,  at  17.5° 1.  0816 

Degrees  Brix  corresponding  to  above 19.  6 


Hours. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

Means. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

2.- 

17.20 

19.44 

21.94 

18.80 

19.37 

4.- 

17.31 

19.95 

18.42 

17.40 

18.  27 

6.. 

Means 

17.50 

17.65 

18.27 

17.40 

17.71 

17.33 

19.01 

19.54 

17.87 

18.45 

Range,  maximum  to  minimum.  2.21. 

Table  XX. — Molasses  "Jloivers,"  diluied. 

Method.— Jivymg  in  vacuo  on  Adams's  paper  (Josse's  method),  u.sing  Spencer's  modification  of  Cour- 
tonne's  drying  oven,  at  100°. 

Specific  gravity,  by  pycnometer,  at  17. 5<^ , 1. 07889 

Degrees  Brix  corresponding  to  above 19.  0 

Degrees  Brix,  by  hydrometer,  at  17.5° 18.  6 


Hours. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

No.  7. 

No.  8. 

Means. 

2 

4 

6 

Per.  ct. 
16.97 
16.91 
16.98 

Per.  ct. 

17.67 
17.19 
17.11 

Per.  ct. 
16.89 
16.86 
16.35 

Per.  ct. 
17.58 
16.81 
16.74 

Per.  ct. 
15.48 
14.78 

Per.  ct. 

17.  30 
17.23 
17.08 

Per.  ct. 
17.60 
16.69 
16.58 

Per.  ct. 
17.31 
17.27 
17.12 

Per  cent. 
17.10 
16.72 
16.60 

Means . 

16.  95  1     17.  32 

16.70 

17.  04  ,     15.  00  1     17.  20 

16.96       17.23  j       16.81 

Range,  maximum  to  minimum,  2.32. 


The  president  called  for  a  discussion  of  the  report  and  i)apers. 
Mr.  Wiley.  I  would  like  to  suggest  the  iinportance  of  drying  at  low 
temperatures.     In  drying  levulose  at  the  temperature  of  boiling  water  in 
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the  open  air,  there  is  a  progressive  decomposition  of  the  substance,  so 
that  the  apparent  amount  of  water  obtained  is  much  greater  tban  the 
real  i)ercentage  of  water  present.  In  the  drying  of  honeys,  low-grade 
sugars,  and  molasses  of  all  kinds,  the  error  is  a  very  important  one.  it 
seems  to  me  that  the  official  method  should  be  changed  when  the 
proper  time  comes  to  include  possibilities  of  that  kind.  It  is  easy  to 
dry  in  a  partial  vacuum,  and  it  seems  to  me  that  all  organic  liquids, 
whether  viscous  or  not,  and  all  organic  bodies  for  clieinical  examina- 
tion or  for  the  determination  of  moisture  should  be  dried  in  a  partial 
vacuum.  There  would  be  no  danger  of  oxidation  by  the  proposed 
method;  the  drying  could  be  accomplished  more  regularly  and  with 
less  danger  of  injury  to  the  organic  substances.  Better  results  could 
be  obtained  hy  adopting  a  method  which  would  include  the  good 
points  of  all. 

The  president  then  called  for  the  recommendations  of  the  reporter 
on  sugar,  which  were  read  by  Mr.  Ewell,  as  follows: 

RECOMMENDATIONS   ON   SUGAR. 

1.  That  the  title  of  this  section  of  the  official  methods  be  changed  from  ^-'Methods 
of  sugar  analysis"  to  "Methods  for  the  determination  of  carbohydrates  in  agricul- 
tural products,  including  methods  for  the  determination  of  water  and  ash  in  com- 
mercial and  industrial  saccharine  materials." 

2.  That  the  methods  for  the  determination  of  lactose  in  milk,  as  well  as  other 
methods  which  have  been  adopted,  or  which  shall  be  adopted  in  the  future,  for  the 
determination  of  carbohydrates  in  agricultural  products,  be  placed  under  this  head. 

3.  That  the  study  of  the  methods  thus  collected  be  divided  among  several  reporters, 
as  the  association,  its  executive  committee,  or  its  presiding  officer  may  be  empowered 
to  determine. 

4.  That  the  present  official  method  for  the  determination  of  water  by  drying  be 
abandoned,  some  form  of  the  pumice-stone  method  being  adopted  in  its  place,  pro- 
visionally, the  drying  to  be  conducted  to  constant  weight  either  in  vacuo  or  in  a 
water  oven. 

5.  That  the  third,  fourth,  and  fifth  paragraphs,  under  the  head  of  determination  of 
water,  be  rearranged  and  amplified  into  two  paragraj)hs,  with  italicized  headings, 
which  shall  read  as  follows:  One,  ''Determination  of  specific  gravity,  water,  and  total 
Solids  by  means  of  a  spindle;"  the  other,  "Determination  of  specific  gravity,  water, 
and  total  solids  by  means  of  a  pycnometer." 

6.  That  a  complete  table  for  the  conversion  of  the  results  obtained  in  specific 
gravity  determinations  to  the  equivalent  percentages  of  solid  matter  be  inserted  in 
the  official  methods  of  analysis.  The  table  referred  to  in  the  present  methods,  and 
given  on  page  214  of  Bulletin  31,  is  quite  at  variance  with  the  tables  published  in 
recent  works  on  sugar  analysis. 

7.  Afterthe  word  "water,"  page  354,  method  (c),  line  8,  make  the  method  read,  "filter 
immediately  and  finish  the  determination  by  one  of  the  methods  given  below  for  the 
determination  of  the  copper  contained  in  the  precipitate  of  cuprous  oxid  obtained 
in  the  determinations  of  reducing  sugars."  Transfer  all  of  the  remaining  portion  of 
the  paragraph  as  indicated  below.  After  Allihn's  table,  on  page  358,  make  a  new 
heading,  which  shall  read,  "Methods  for  the  determination  of  the  copper  contained 
in  the  precipitate  of  cuprous  oxid  obtained  in  determinations  of  reducing  sugars." 

Make  subheads  as  follows: 

(a)  Method  requiring  reduction  in  hydrogen.  Here  insert  the  method  now  form- 
ing the  last  portion  of  the  first  paragraph  under  method  (c),  page  354. 
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(b)  Electrolytic  method  by  solution  in  nitric  acid,  and  subsequent  evaporation 
with  an  excess  of  sulphuric  acid. 

(c)  Electrolytic  method  by  solution  in  a  mixture  of  nitric  and  sulphuric  acids. 

(d)  Electrolytic  method  by  solution  in  nitric  acid. 

(e)  Volumetric  method  (adopted  provisionally).  Here  insert  the  potassium  per- 
manganate method. 

8.  At  the  close  of  method  (a),  under  '^Estimation  of  sucrose,"  page  359,  insert,  *'it 
must  be  remembered  that  a  change  of  o'-  in  the  temperature  of  the  solution  be- 
tween the  time  of  filling  the  flask  to  the  mark  and  the  time  of  making  the  reading 
will  cause  a  change  in  volume,  which  will  give  rise  to  an  error  of  approximately  0.1 
per  cent  in  the  polarization  of  materials  containing  from  90  to  100  per  cent  of  sucrose, 
and  an  error  of  approximately  0.05  per  cent  in  the  case  of  materials  containing  50 
per  cent  of  sucrose." 

9.  That  the  method  of  Clerget  as  now  given  in  the  methods,  and  the  method  of 
Lindet,  be  stricken  from  the  methods  at  the  meeting  of  1896,  unless  some  reason  for 
their  retention,  now  unapparent  to  your  reporter,  come  to  persuade  the  association 
to  a  different  view  of  the  value  of  the  method  as  it  now  stands. 

10.  Page  360,  method  (h),  line  6,  after  the  word  ''added,"  change  to  read,  "place 
the  flask  in  a  water  bath  the  temperature  of  which  is  70°.  The  contents  of  the  flask 
should  reach  a  temperature  of  67°  to  70°  in  two  or  three  minutes,  when  the  temper- 
ature should  be  maintained  within  this  limit  for  exactly  five  minutes."  Cut  out  the 
words  rendered  superfluous  by  this  change. 

11.  Page  360,  line  6,  make  this  line  read,  "a-h  =  the  algebraic  dilference  between 
the  two  polarizations."  Change  the  formula  accordingly,  and  cut  out  the  exi)lana- 
tory  clause  immediately  following  the  formula. 

12.  Page  359,  immediately  after  the  title  "Estimation  of  sucrose,"  insert  a  sub- 
head, "Optical  methods." 

13.  Page  360,  gravimetric  method,  make  this  heading  coordinate  with  "  Optical 
methods"  and  "  Optical  methods  by  inversion." 

SUBJECTS   SUGGESTED    AS  APPROPRIATE  FOR    INVESTIGATIOX    DURING   THE   EXSUING 

YEAR. 

Comparative  tests  of  the  pumice-stone  method  for  the  determination  of  water.  It 
is  recommended  that  this  study  be  begun  with  known  solutions  of  pure  carbohy- 
drates, and  be  extended  to  impure  and  mixed  solutions  after  the  accuracy  of  the 
method  has  been  established  in  the  case  of  pure  materials  in  the  hands  of  several 
analysts. 

The  propriety  of  making  the  optical  method  by  inversion  read  as  follows :  Deter- 
mine the  polarization  before  inversion  as  directed  in  the  method  for  single  polariza- 
tion. For  the  reading  after  inversion,  weigh  such  a  quantity  of  the  sample  as  will 
yield  approximately  the  quantity  of  invert  sugar  which  would  be  obtained  by 
inversion  of  13.024  grams  of  sucrose ;  dissolve  in  water,  transfer  to  a  100  cc  flask, 
dilute  with  water  to  .approximately  75  cc,  and  finish  the  determination  according  to 
the  German  official  method. 

The  value  of  Ost's  modification  of  Soldaiui's  method  for  the  determination  of 
reducing  sugars. 

The  method  of  obtaining  the  weight  of  copper  obtained  in  determinations  of  reduc- 
ing sugars,  by  solution  of  the  precipitate  of  cuprous  oxid  in  a  solution  of  ferric 
sulphate  and  the  titration  of  the  solution  with  a  standard  solution  of  potassium 
permanganate. 

Investigation  in  regard  to  the;  best  method  for  conducting  inversions  of  sucrose  by 
means  of  invertase  and  in  regard  to  the  lactor  to  be  employed  when  this  agent  is 
used  in  the  place  of  acid  in  the  optical  method  by  inversion. 
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The  accuracy  of  Gird's  gravimeter  for  weighing  out  portions  of  juices  and  other 
dilute  liquids  for  polarization.  For  a  description  of  this  instrument,  see  Jour.  Am. 
Chem.  Soc,  1894,  16,  677. 

A  comparison  of  the  accuracy  of  the  yarious  grades  of  Brix  spindles  offered  for 
sale  by  apparatus  dealers. 

A  comparison  of  the  accuracy  of  the  graduated  glassware  offered  for  sale  by  appa- 
ratus dealers,  with  the  Yiew  of  prescribing  the  limits  of  error  allowable  in  gradu- 
ated glassware  to  be  used  for  official  work. 

A  similar  comparison  of  the  thermometers  off"ered  for  sale  by  the  dealers. 

The  desirability  of  using  the  residue  obtained  in  the  determination  of  water  by 
the  pumice-stone  method,  for  the  determination  of  ash. 

The  president  stated  that  the  recommendations  of  the  reporter  on 
sugar  would  go  to  the  committee  for  action,  and  then  called  for  the 
report  on  tannin. 

KEPOET  ON  TANNIK 
By  William  H.  Krug. 

In  accordance  with  the  instructions  of  the  association,  the  reporter  on  tannin  this 
year  sent  out  a  sample  of  extract  and  two  samples  of  hide  powder — No.  1,  from  Rich- 
ards &  Co.,  being  granular,  and  No.  2,  from  Mr.  Fiebing,  being  fibrous.  These  samples 
were  accompanied  by  a  circular  letter  giving  an  outline  of  the  special  work  desired. 
There  seems  to  have  been  a  lack  of  interest,  though,  and  several  chemists  on  whom 
the  reporter  relied  for  extensive  and  valuable  reports  failed  to  send  any  data  what- 
ever. This  must  be  deplored,  as  I  believe  that  the  work  has  arrived  at  a  stage  where 
some  radical  changes  will  be  made,  and  where  the  utter  uselessness  of  the  hide- 
powder  method  is  proved. 

In  addition  to  the  regular  work  done  on  the  provisional  method,  as  modified  at  the 
last  meeting,  the  following  special  work  was  requested  from  the  analysts. 

I.  Total  solids  determination — 

Method  1.  Dry  5  grams  of  the  extract  at  100°  until  the  residue  ceases  to  lose 
weight. 

Method  2.  Dry  100  cc  of  the  diluted  extract  at  100°  until  the  residue  ceases 
to  lose  weight. 

Method  3.  Heat  good  porous  pumice  stone  until  all  moisture  has  been  driven 
ofl^.  After  cooling,  cut  it  into  pieces  (1)  1  cm.  square  and  (2)  smaller  particles 
which  pass  through  a  sieve  having  six  meshes  to  the  inch.  Cover  the  bottom 
of  a  flat  platinum  dish  of  proper  size  with  the  small  particles,  and  on  these 
place  a  layer  of  the  larger  pieces.  Heat  the  dish  and  contents  to  redness  for 
about  fifteen  minutes,  cool,  and  weigh.  By  means  of  a  small  pipette  with  a 
small  nozzle,  distribute  from  a  hand  flask  about  10  grams  of  the  diluted  extract 
evenly  over  the  larger  pieces.  Dry  at  100°  until  constant  weight  is  obtained. 
This  should  be  accomplished  in  a  few  hours. 

II.  Tannin  estimation — 

Make  a  series  of  determinations — 

(a)  Using  the  three  portions  of  hide  powder  without  intermediate  filtration. 
(6)  Using  the  hide  powder  all  at  once. 
The  opinion  of  the  various   analysts  on  the  best  method  of  filtration  was  also 
desired,  as  well  as  any  additional  work  which  might  be  suggested  during  the  course 
of  the  regular  investigation. 

Five  chemists  sent  in  full  reports,  while  two  others  reported  determinations  of  the 
solids. 
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General  table  of  results. 


Analyst. 


Total  solids. 


Meth- !  Meth- 
od 1.      od  2. 


Meth- 
od 3. 


Tanning  substances. 


Method  a. 


Method  b. 


Method  c. 


Hide 
pow- 
der I. 


Hide  I  Hide  Hide  Hide  Hide 
I)ow-  pow-  pow-  I  pow-  pow- 
der n.  der  I.  derll.  der  I.  derll. 


J.  H.  Tociim 

G.A.Kerr 

B.  D.  TVestenfelder 

J.  L.  Fiebing 

W.H.Krug 

J.  .S.  Carman 

F.L.  .Johnson 


Perct. 
43.33 


44.52 
41.70 
43.11 
43.52 
43.25 


J.  X.  Hurty 42. 


Per  ct 
43.55 
43.38 
44.24 
41.70 
42.71 
42.68 
42.72 
42.98 


Per  ct. 
'  43.38 
43.71 
43.  47 
41.65 
45.00 


Means 43.16     42.99 

Difference   between    maxi- 
mum and  minimum 2.82       2.54 


Perct. 
42.15 
41.71 
43.19 
38.10 
42.35 
40.87 


Perct. 


Per  ct. 


15.70 
15.73 


15.70 
16.02 


Perct. 
16.21 
14.80 
17.29 
15.30 
14.98 


Perct. 
16.78 
10.54 
17.34 
15.30 
14.65 


Per  ct. 
16.80 
14.34 
17.20 
17. 10 
15.87 


Perct. 
17.06 
14.70 
17.40 
17.10 
16.41 


41.60    ' 13.58  '  16.08     16.54       16.54 


43.  39     41.  42  ,  15.  72     15.  86  :  15. 36 


4.65       5.09  ' ' 3.71 


15. 11     16.  31 


16.  52 
2.70 


iProyisional  method. 

Only  three  chemists  sent  in  data  on  the  hide  powder.     These  showed  that  neither 
sample  came  within  the  requirements  of  the  association. 

Besidue  from  100  cc  of  final  filtrate,  10    grams   hide  ijoxcder  washed  three  times  with 

200  cc  of  distilled  water. 


Analyst. 

Xo.  1. 

No.  2. 

Per  cent. 

0. 1015 

.0211 

.0450 

.0230  1 

Per  cent. 

0.  0428 

.0288 

.0340 

.0170 

TVm.H  Kruo' 

G.  A.  Kerr   .       .                          

J.K.Hurtv 

Mr.  Tocum  used  only  9  grams  of  hide  powder. 


The  separate  reports  contain  much  that  is  of  interest,  and  I  therefore  give  extracts 
from  them. 

Mr.  Yocum  characterized  hide  powder  Xo.  1  as  being  one  that  without  great  care 
would  give  wrong  results,  as  it  contains  much  .soluble  matter.  He  also  analyzed 
the  extract  with  two  other  hide  powders,  the  tirst  being  used  dry,  the  second,  an 
old  sample,  washed  in  the  customary  manner.  The  tirst  gave  2i>.34  per  cent  non- 
tannins  (12.81  per  cent  tanning  substances),  and  as  this  hide  powder  contained  0.080O 
gram  soluble  matter,  which,  when  deducted  from  the  residue,  gives  25.22  per  cent 
noutannins  (16.93  per  cent  tanning  substances),  it  is  quite  evident  that  all  this  solu- 
ble matter  must  have  practically  passed  into  the  final  liquid.  The  second  hide 
powder,  about  two  years  old,  gave  27.96  to  28.02  per  cent  non tannins  (14.16  per  cent 
tanning  substances),  which  low  result  was  no  doubt  due  both  to  ])oor  absorptive 
power  and  solution  of  soluble  matter  from  the  hide.  Mr.  Yocum  found  that  on  dis- 
solving the  extract  in  cold  water  more  insoluble  matter  was  left  behind.  Thus,  by 
the  usual  method  the  insoluble  matter  or  reds  was  1.27  per  cent  (42.15  per  cent 
soluble  solids),  while  solution   in  cold   water  (17-)  gave  2.15  per  cent  (41.27  i)er 
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cent  soluble  solids).     He  examined  tlie  hide  powders  used  in  Ms  work  with  the  fol- 
lowing results : 

Weight  of  residues  oMained. 


Kind  of  hide  powder. 

q  o-rnm«  of       30  grams  of  this 

.7toaimm,"e!  ™ri,»»" 

evaporated,     i    ^''^ ^^,^i^- 

9  grams  of 
hide  powder 
washed  ouce 
with  200  cc  of 
water  and  100 
cc  of  filtrate 
evaporated. 

ISTo.  1     

0.1015  !                  0.0040 
.0428  !                    .0060 
.0197                      .0040 

0.  2840 
.1480 
.0800 

No  2 

1 

All  these  figures  throw  out  the  two  hide  powders  sent.  The  following  figures  were 
obtained  with  the  hide  powder  used  in  the  laboratory: 

Per  cent. 

Nontannins  by  official  method 25.  92  =  16.  23  tanning  substances. 

Nontannins,  using  all  hide  powder  at  once,  shaken 

twenty  minutes t 25.  89  ==  16.  26  tanning  substances. 

Nontannins,  using  hide  powder  dry 29.  34  =:  12.  81  tanning  substances. 

Mr.  Yocum  thinks  that  the  solution  is  best  filtered  by  passing  250  to  300  cc  through 
paper  before  taking  the  amount  required  for  analysis,  and  entirely  discarding  that 
which  passes  through  first. 

Mr.  Kerr,  associate  reporter  on  tannins,  became  thoroughly  disgusted  with  hide 
powder  during  the  work,  and  subsequently  wrote  me  that  he  was  using  a  new  method 
suggested  by  Mr.  Stiiercke,  of  Chicago.  This  consisted  of  forcing  the  tannin  liquor 
through  a  column  of  asbestus  impregnated  with  mercuric  oxid.  In  his  final  report 
he  sends  the  following  results  obtained  on  the  official  extract  with  this  method: 

Results  ivith  mercuric  oxid  method. 


Dilution. 

Amount  of  reagent 
used. 

Soluble 
solids. 

Insoluble 
matter  (reds). 

Tanning 
substances. 

Per  cent. 
23.  20 

22.79 

5.093  grams,  1,000  cc 

20  36  orams  1  000  cc 

2  grams  HgO  and  5 
grams  ashestus. 
do 

Per  cent.           Per  cent. 
41.80                    1.90 

41  74  1                  1 .  f,^ 

Do  

2  grams  HgO  and  10 
grams  asbestus. 

41.74 

1.53 

23.34 

Mr.  Kerr  wrote  that  in  no  case  could  either  mercury  or  tannin  be  found  in  the  final 
filtrate,  and  that  he  was  therefore  using  this  method  altogether  in  his  laboratory. 

Mr.  Westenfnlder  writes  that  he  used  both  filter  paper  and  asbestus  fiber  with 
filter  pump,  and  found  no  appreciable  difi^erence  in  the  results  for  total  soluble  mat- 
ter, though  the  pumjjs  filtered  much  more  rapidly.  He  had  considerable  difficulty  in 
filtering  the  nontannin  solution  from  the  hide  powder,  and  obtained  the  best  results 
by  filtering  through  the  hide  powder  which  had  been  shaken  up  with  the  liquid. 

Mr.  Fiebing  finds  it  necessary  to  use  the  hide  powder  in  three  separate  portions, 
and  gives  the  following  figures  in  proof:  Official  extract,  per  cent  nontannins :  (a) 
Using  three  portions  of  hide  powder  without  intermediate  filtration,  22.4  per  cent; 
(&)  using  hide  powder  all  at  once,  22.8  per  cent;  (c)  using  hide  powder  in  two  por- 
tions with  intermediate  filtration,  21.7  per  cent;  (d)  using  the  hide  powder  in  three 
portions  with  intermediate  filtration,  21  per  cent.  Fresh  hemlock  liquor,  nontan- 
nins: (a)  Four  portions  of  hide  powder  with  intermediate  filtration,  1.95  per  cent; 
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(6)  three  portions  of  hide  powder  with  intermediate  filtration,  2  per  cent;  (c)  three 
portions  without  intermediate  filtration,  2.10  per  cent.  Leached  hemlock  bark,  non- 
tannins:  (a)  Three  i)ortions  of  hide  powder  with  intermediate  filtration,  1..58  per 
cent ;  (b)  three  portions  of  hide  powder  without  intermediate  filtration,  1.68  per  cent. 


DISCUSSION    OF    RESULTS. 

On  comparing  this  year's  results  with  those  of  last  year,  one  thing  is  immediately 
very  evident,  and  that  is  that  the  discrepancies  are  greater  than  ever.  The  figures 
obtained  by  the  various  analysts  for  total  solids  agree  fairly  well  with  the  exception 
of  those  reported  by  Mr.  Fiebing.  The  column  ••Soluble  solids''  shows  a  great 
variation,  and  it  seems  to  me  that  one  source  of  the  trouble  we  have  experienced 
lies  here.  Mr.  Yocum's  work  on  the  insoluble  matter  obtained  by  hot  and  cold  solu- 
tion, shows  that  Aariations  in  the  temperature  of  the  water  used  can  cause  consid- 
erable variation  in  tlie  amount  of  soluble  solids.  I  did  some  work  on  this  point  and 
obtained  the  following  figures,  which  confirm  those  of  Mr.  Yocum: 

[Per  cent  soluble  solids.] 


10  grams  ex- 
tract dissolved 
in  cold  water 
made  ujj  to 
500  c  c. 


10  grams  ex- 
tract dissolved 

m  water  at 
80'  and  made 

up  to  500  cc 

when  cool. 


Here  is  a  difference  of  almost  2  per  cent,  which,  when  the  extract  is  properly  dis- 
solved, will  go  to  the  credit  of  the  hide  powder.  I  do  not  mean  to  say  by  this  that 
more  care  in  the  manner  of  dissolving  the  sample  will  insure  better  or  more  concord- 
ant results.  I  do  not  think  that  such  results  can  be  obtained  with  hide  powder,  and 
that  we  will  sooner  or  later  be  forced  to  discard  it.  The  differences  between  the 
results  obtained  by  difierent  analysts  are  too  great  to  be  ascribed  to  anything  but 
the  reagent  itself.  The  manner  of  carrying  out  the  method  could  not  dift'er  so  radi- 
cally among  chemists  as  to  account  for  these  discrepancies.  The  results  also  indicate 
that  there  is  no  radical  difference  between  the  two  hide  powders,  i.  e.,  excepting  the 
result  obtained  by  Mr.  Kerr  in  using  all  the  hide  x>owder  at  once. 

Shortly  after  the  last  meeting,  Mr.  Kerr  wrote  to  various  firms  asking  for  samples 
of  their  best  hide  powder.  He  received  a  number  of  samples,  which  he  analyzed. 
Unfortunately,  I  do  not  have  the  figures  at  hand,  but  his  report  showed  the  granular 
powder  from  Richards  &  Co.  and  the  fibrous  powder  made  by  Mr.  Fiebing  to  come 
within  the  requirements  of  the  association.  On  the  strength  of  this,  these  powders 
were  used,  and  the  subsequent  results  show  the  unreliability  of  hide  powder  in  gen- 
eral. It  is  evidently  impossible  to  obtain  two  samples  of  hide  powder  even  approxi- 
mately similar,  and  the  differences  between  the  residues  from  100  cc  of  the  final 
washing  of  the  powder  shown  in  Table  2  indicate  that  this  variation  extends  even  to 
the  small  samples  sent  out.  Such  being  the  case,  I  do  not  see  how  we  can  place  any 
reliance  on  the  reagent  or  results  obtained  by  it.  I  think  the  work  of  the  last  two 
years  shows  this  very  plainly,  and  indicates  that  the  realization  of  a  good,  reliable 
method  lies  in  another  direction.  I  do  not  at  this  time  venture  to  say  where  we  shall 
turn  for  a  new  method,  although  I  think  that  the  experimental  Avork  which  I  will 
oow  discuss  seems  to  point  a  way  to  get  out  of  the  dilemma.  As  I  stated  above,  Mr. 
Kerr,  during  the  i)rogress  of  our  joint  work,  sent  me  a  description  of  the  mercnric- 
oxid  method  as  he  was  using  it,  and  also  an  apparatus  already  charged  and  ready  for 
use.  I  made  a  number  of  estimations  by  this  method,  bat  the  results  varied  so  much 
that   1  do  not  consider  them  worth  reporting.     Subsequent  developments  showed 
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that  my  failure  was  mainly  due  to  the  variety  of  asbestus  I  used,  though  at  the  time 
I  ascribed  it  to  other  causes,  such  as  unequal  packing  and  distribution  of  HgO, 
imperfect  contact,  etc.  This  work,  however,  suggested  another  line  of  investigation 
to  me,  which  I  will  discuss  briefly.  Failing  to  get  good  results  by  percolation,  I 
turned  to  find  another  method  of  using  the  mercuric  oxid,  and  finally  decided  to 
apply  it  exactly  as  the  hide  powder  is  now  used.  I  subsequently  extended  the  work 
to  several  other  oxids.  It  was  evident  at  the  beginning  that  considerably  more 
time  would  be  consumed  in  absorbing  the  tannin  in  this  manner,  and  a  number  of 
experiments  were  made  to  determine  the  time  limit.  In  all  cases  where  upon  filtra- 
tion after  shaking  a  certain  length  of  time  it  was  found  that  combination  was 
incomplete,  the  mixture  was  allowed  to  stand  until  this  was  accomplished.  It  was 
thus  found  that  with  mercuric  and  magnesium  oxids  it  was  best  to  shake  about  four 
hours  and  then  let  the  mixture  stand  over  night,  when  it  would  be  ready  for  filtra- 
tion. With  lea4  oxid  the  process  required  two  days,  after  being  shaken  four  hours, 
and  the  mixtures  with  zinc  oxid  stood  a  week  before  the  tannin  was  totally  absorbed. 
The  last  two  oxids  were  therefore  rejected  as  requiring  too  much  time,  although 
the  analyses  made  with  them  are  given  for  comparison.  The  diluted  extract  gave 
in  25  cc  as  a  mean  of  three  determinations  0.0113  gram  ash,  containing  0.0006  gram 
MgO.  The  ash  determinations  were  made  as  a  check  on  the  amount  of  oxid  dis- 
solved during  analysis. 

Experiments  ivith  ZnO. 


Method. 

ZnO 
used. 

Diluted 

extract 

used. 

Filtratel  Weight 
evapo-         of 
rated,    residue. 

Tannin  in 
extract. 

Ash  in 
residue. 

ZnO  in 
ash. 

Shaken  4  hours,  stood  over  night 

Do 

Grams. 
2 
2 
2 
2 
2 

cc. 
75 
75 
75 
75 
75 

cc. 
25 
25 
25 
25 
25 

Gram. 

0. 1095 
.1174 
.1019 
.1029 
.1029 

Fer  cent. 
20.45 
18.87 

Gram. 

0.  0125 

.0147 

Gram. 
0.  0008 
.0016 

Shaken  4  hours,  stood  1  week 

Do      ... 

21.  37           .  0095 
21.  97           .  0103 
21.97          -01  on 

0030 

Do 

.0020 

The  first  two  filtrates  gave  a  faint  reaction  for  tannin,  but  were  run  through  so 
as  to  compare  the  results  with  those  obtained  with  other  oxids  during  the  same 
length  of  time.  The  last  three  gave  no  test  for  tannin,  and  agree  fairly  well.  They 
are  low,  compared  with  lead  and  mercury  oxids,  and  agree  better  with  those 
obtained  with  magnesium  oxid.  The  amount  of  zinc  oxid  dissolved  is  too  small  to 
affect  the  accuracy  of  the  analysis,  and  the  only  objection  to  the  use  of  this  oxid  is 
the  slow  action,  which  makes  it  impracticable  in  a  laboratory  when  rapid  work  is 
desired. 

Experiments  with  lead  oxid,  PhO. 


Method. 

PbO 
used. 

Diluted 
extract 
used. 

Filtrate 
evapo- 
rated. 

Weight 

ot' 
residue. 

Tannin     Weight  of  Ash  con - 
in  ex-       ash  from  i    tained 
tract.        residue.       PbO. 

Shaken  3^  hours,  stood  2  days. 
Do 

Grams. 
4 
4 

4 

cc. 

75 
75 
75 

cc. 
25 
25 

Gram. 
0.  0738 
.  0754 

Per  cent.  \    Gram.        Gram. 
27.59         0.0111                   0 
27.27           .0092  '.                 0 

Do  

25           . 0706 

28.23  i         .0105                    0 

1 

None  of  these  gave  a  reaction  for  tannin.  The  results  were  higher  than  with  any 
oxid  used.  The  objection  to  lead  oxid  is  the  length  of  time  required  for  complete 
absorption. 
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Experiments  uHh  magnesium  oxid. 


Method. 


MgO 
used. 


Diluted   I  Filtrate 

extract  !    evapo- 

used.     I    rated. 


Weight 

ox 
residue. 


Shaken   2^   hours,  stood   over 

night 

Do 

Do 

Do 

Stood     24     hoiir.s,     occasional 

shaking 

Do 

Do 

Do 

Stood    48     hours,     occasional 

shaking 

Do 

Shaken  3^  hours,  stood  over 

night 

Do 

Do 


ratns. 

2  i 
2  , 

2  ; 


25 


drain. 

0.1134 

.  1028 

.1230 

.1246 

.  2('63 
.2001 
.1157 
.1114 


Tannin    Weight  of 
in  ex-         ash  iu 
tract.        residue. 


MgO 
in  ash. 


50 

.1941 

50 

.  1959 

50 

.2165 

50 

.2191 

50 

.2179 

Per  cent. 

Gram, 

Gram. 

19.67 

0.  0209 

0.  0055 

21.79 

.0195 

.0042 

17.  75 

.0232 

.0052 

17.43 

.0247 

.0058 

21.  72 

.0252 

.0074 

21.74 

.0244 

.  0076 

19.21 

.  0213 

.0044 

20.  07 

.0205 

.0038 

22.94 

.0326 

.0064 

22.  7G 

.0339 

.0070 

20.70 

.  0;!49 

.0102 

20.44 

.0355 

.0111 

20.  5(3 

.  0359 

.0115 

This  table  shows  that  a  considerable  amouut  of  the  oxid  is  dissolved  and  passes 
iuto  the  filtrate,  increasing  the  weight  of  the  residue  and  correspondingly  lowering 
the  tannins.  This  error  does  not  seem  to  be  constant,  so  that  no  correction  can  be 
made  for  it. 

Experiments  icith  mercuric  oxid  (i/eUow). 


Method. 


TT-Q      Diluted     Filtrate      Weight     Tannins 
used        extract      evapo-    \        of        i         in 

used.         rated.       residue.      extract. 


Stood  48  hours,  occasional    Grams. 


shaking 

Do 

Do 

Shaken  1^  hours,   stood   over 

night 

Shaken    2    hours,   stood  over 

night 

Shaken   3^   hours,  stood  over 

night 

Do 

Shaken    4    hours,    stood  over 

night 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


75  I 


75 


75 


25  0. 0833 
25  . 0829 
25     .  0829 


25 


75 

25 

75' 

25 

75 

20 

75  , 

20 

75 

20 

75 

25 

75 

25 

75 

25 

,0842 


.0867 


.0839 
.0849 
.0638 


,0842 


25.69 
25.77 
25.77 

25.51 

25.01 

25.09 
25.15 


Ash 

in 

residue. 


HgO 
in  ash. 


Gram.       Percent.      Gram. 


Gram. 


0. 0070 
.0077 
.0071 


25.57 

.  0084 

25.37 

.  0065 

26.41 

.0065 

25.05 

.  0103 

25.29 

.0094 

25.09 

.0083 

25.37 

.  0097 

25.51 

.0084 

These  analyses  sliow  that  even  though  the  conditions  may  be  varied  fairly  con- 
cordant results  can  be  obtained  with  HgO  as  hmg  as  care  is  taken  to  insure  the  com- 
plete absorption  of  the  tanuin  before  filtering.  The  end  of  the  reaction  may  be 
.easily  observed  with  all  the  oxids  used^  and  especially  so  with  HgO.  since,  when  it  is 
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reached,  the  oxid  no  longer  sinks  to  the  bottom  after  shaking,  but  the  whole  mass ' 
partially  gelatinizes  and  becomes  a  dirty  brown  in  color.  A  clear  filtrate,  free  from 
tannin  and  mercury,  can  then  be  easily  obtained.  The  results  in  the  ash  column 
indicate  that  a  certain  amount  of  the  ash  present  in  the  extract  is  held  back,  but 
this  error  is  quite  constant  and  so  small  as  to  have  little  influence  on  the  result. 
Although  the  time  required  for  the  analysis  of  a  tanning  liquor  by  this  method  is 
somewhat  longer  than  with  hide  powder,  still  the  uniform  results  obtained  more 
than  compensate  for  this,  and  at  the  most  an  analysis  will  not  take  more  than  two 
days.  A  number  of  analyses  can  be  made  at  a  time  by  adapting  a  shaker,  so  as  to 
hold  several  100  cc  sugar  Hasks,  which  are  of  a  convenient  size  for  this  work. 

After  I  had  commenced  this  work  just  reviewed,  Mr.  Kerr  wrote  me  that  he  had 
discovered  that  the  asbestus  which  he  had  been  using  absorbed  tannin  completely. 
He  sent  a  sample,  which  I  tested  and  found  to  be  a  true  absorbent,  just  as  he  had 
stated.  A  quantity  which  I  subsequently  ordered  from  Eichards  &.  Co.,  in  Chicago, 
also  possesses  this  remarkable  property,  which  I  have  been  unable  to  explain,  except 
by  the  presence  of  an  excess  of  some  oxid,  such  as  MgO,  which  combines  with  the 
tannin.  It  was  too  late  to  do  much  work  on  this,  and  I  was  only  able  to  make  a  few 
analyses,  of  which  I  report  the  last  two,  since  they  agree  very  well.  Each  analysis 
required  45  grams  asbestus  wool  in  four  portions  of  10  grams  each  and  one  portion  of 
5  grams,  when  the  tannin  was  found  to  be  absorbed,  the  residual  liquor  being  only 
slightly  colored  and  giving  no  reaction  with  ferric  chlorid.  The  two  analyses  gave 
18.66  and  18.23  per  cent  tanning  substances,  respectively,  results  which  are  somewhat 
higher  than  those  obtained  with  hide  powder  and  lower  than  those  given  by  mercuric 
oxid. 

This  difference  in  results  suggests  another  difficulty  which  confronts  us.  If  the 
asbestus  absorbs  nothing  but  tannin,  then  mercuric  oxid  must  combine  with  other 
substances  which  are  not  tannins,  and  we  naturally  ask  whether  these  nontannins  are 
also  absorbed  by  the  hide  in  the  process  of  leather  making,  and  should  be  included 
in  the  valuation  of  an  extract.  These  points  need  further  investigation,  and  I  would 
suggest  that  the  work  of  the  next  year  be  concentrated  on  them,  with  the  view  of 
solving  them  as  nearly  as  possible. 

The  president  called  for  papers  relating  to  the  subject,  and  for  the 
discussion  of  the  report. 

Mr.  Goss.  I  have  never  done  any  work  on  tannin,  but  it  seems  to  me 
that  the  hide-powder  method  should  certainly  be  well  considered  before 
being  discarded.  While  it  is  true  that  the  method  may  give  x^oor  results 
for  the  year,  it  is  likewise  true  that  we  have  the  same  variations  in  the 
substances  we  are  trying  to  tan. 

Mr.  Krug.  German  chemists  have  come  to  the  conclusion  that  when 
their  results  are  otf,  it  is  the  fault  of  the  powder.  I  don't  mean  to  drop 
hide  powder,  but  I  think  another  method  should  be  tested.  The  hide 
powder  gives  most  variable  results.  A  difference  of  7  per  cent  can  not 
be  ascribed  to  differences  in  manipulation  of  the  chemist,  because  the 
directions  are  strict  and  he  ought  to  get  within  0,5  of  1  per  cent.  A 
difference  of  7  per  cent  can  not  be  accounted  for  otherwise  except  by 
the  fault  of  the  powder. 

Mr.  Huston.  Is  there  any  further  discussion! 

Mr.  Mitchell.  The  tannin  chemists  have  called  us  to  account  for 
determining  tannic  acid  rather  than  the  tanning  power  of  the  extract, 
and  we  have  come  to  use  the  hide-powder  method  as  one  giving  approxi- 
mately the  results  obtained.     I  think  we  have  two  things  to  determine, 
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oDe  the  variations  of  the  bark  aud  the  other  of  the  substances  to  be 
tanned. 

Mr.  Krug.  I  woidd  say  concerning  the  official  extract  that  we  use, 
that  if  any  chemist  should  report  to  the  firm  that  is  using  it  that  it  had 
only  17  i)er  cent  of  tanning  substance  the  firm  would  call  him  to  account 
for  it.  They  know  it  has  more  than  that.  Two  chemists  reporting, 
one  10  per  cent  and  the  other  17  per  cent,  would  be  called  to  account. 

^Ir.  Mitchell.  I  think  on  hendock  bark  the  hide  powder  has  had 
its  best  results  and  obtained  its  greatest  hold. 

Mr.  Goss  called  attention  to  a  method  in  which  permanganate  of 
potash  is  used. 

Mr.  Krug  remarked  that  the  substances  which  tan  leather  are  really 
not  all  tannic  acid.  He  said  there  were  other  substances  which  entered 
into  the  composition  of  leather  which  are  not  tannic  acid,  and  must  be 
taken  into  consideration. 

^Ir.  Goss  said  that  all  general  methods  were  along  the  same  line  as 
the  hide-powder  method. 

Mr.  Huston  then  called  for  the  recommendations  of  the  reporter. 

Mr.  Krug  recommended  that  the  work  with  mercuric  oxid  be  taken 
up  by  the  association  the  coming  year,  and  that  the  hide-powder 
method  should  also  be  continued.  Xo  recommendations  as  to  changes 
in  methods  are  deemed  advisable. 

The  president  then  called  for  the  report  of  the  committee  on  changes 
of  methods  on  nitrogen. 

Mr.  Lindsey  reported  that  the  committee  recommended  the  adoption 
of  the  Ulsch  method  as  modified  by  Street,  using  5  grams  of  magne- 
sium oxid,  as  a  proposed  official  method,  to  be  voted  upon  for  adoption 
next  year. 

The  recommendation  was  adopted. 

Mr.  Lindsey  then  recommended  the  zinc-iron  method  as  a  proposed 
official  method,  to  be  voted  ui)on  for  adoption  next  year,  for  determina- 
tion of  nitrates. 

The  recommendation  was  voted  upon  and  adopted. 

Mr.  Lindsey.  The  committee  recommends  that  we  print  the  method 
for  the  determination  of  ammonia  by  distilling  with  magnesium  oxid, 
and  that  it  be  adopted  at  the  present  time. 

Mr.  Wheeler.  Out  law  does  not  require  it,  but  we  always  use  this 
method. 

Mr.  Lindsey.  We  suggest  to  the  reporter  the  further  trial  of  the 
Fassbender  method  with  a  view  to  i^ossible  adoption  next  year. 

The  motion  was  carried. 

The  president  then  called  for  the  report  of  the  committee  on  changes 
in  methods  of  sugar  analysis. 

Mr.  Lindsey.  The  committee  recommends  the  adoption  of  the  recom- 
mendations as  a  whole,  and  that  the  arrangement  and  editing  of  the 
same  be  referred  to  the  present  reporter  and  to  Secretary  AViley. 
7388~No.  i7 11 
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The  recommendation  was  adopted. 

The  president  then  called  for  remarks  by  President  elect  Ross. 

Mr.  Eoss  said  he  had  not  had  time  to  make  a  list  of  reporters  and 
committees  and  had  not  been  able  to  complete  the  work  of  conference 
with  reporters  on  some  matters.  His  appointments  wonld  be  filed  with 
the  secretary  at  a  later  date. 

Mr.  Myers.  In  the  adoption  of  the  resolution  recognizing  the  cour- 
tesy extended  to  ns  by  the  authorities  of  the  Smithsonian  Institution 
and  the  National  Museum,  I  believe  we  omitted  to  include  also  the 
courtesy  extended  by  the  United  States  Department  of  Agriculture. 
I  therefore  move  that  the  secretary  be  instructed  to  communicate  to 
the  Secretary  of  Agriculture  our  appreciation  of  his  helpfulness  in 
connection  with  our  work. 

Mr.  Wiley.  I  suggest  that  the  Assistant  Secretary  also  be  included. 

The  motion  was  carried. 

Mr.  Myers  moved  that  the  thanks  of  the  association  be  extended  to 
the  chairman  for  the  able  manner  in  which  he  presided  over  the 
meeting. 

The  motion  (Mr.  Myers  acting  as  chairman)  was  carried,  and  the 
retiring  president  thanked  the  association  for  the  courtesy. 

Mr.  Wiley.  One  matter  I  would  like  to  call  up.  I  suggest  that  the 
reporter  on  soil  analysis  for  next  year  be  instructed  to  bring  the  subject 
of  the  mechanical  analysis  of  soils  before  the  members  of  tlie  association, 
and  to  get  an  expression  of  opinion  in  regard  to  methods. 

The  recommendation  was  adopted. 

Mr.  Wiley  remarked  that  the  members  of  the  executive  committee 
would  be  glad  to  have  some  expression  in  regard  to  the  time  of  meeting. 

The  President.  The  matter  of  the  time  for  the  next  meeting  is  up 
for  consideration. 

Mr.  Wheeler.  I  would  prefer  to  have  the  meeting  when  it  is  cooler. 

Mr.  Lindsey  said  lie  had  suggested  to  some  of  the  members  that  the 
meeting  be  held  at  the  same  time,  or  two  or  three  days  before,  the  Con- 
vention of  Agricultural  Colleges  and  Experiment  Stations.  He  thought 
there  were  many  who  might  desire  to  attend  both  associations.  He 
said  many  objections  had  been  made  to  the  proposition.  He  also  sug- 
gested that  members  coming  from  the  cooler  pprts  of  the  country  could 
contribute  more  strength  and  intelligent  opinion  to  the  meetings  if  they 
were  held  a  little  later. 

Mr.  Wheeler  agreed  in  this  opinion. 

Mr,  Persons  thought  it  might  be  well  to  hold  the  meetings  at  the 
same  time  as  the  Convention  of  Agricultural  Colleges  and  Experiment 
Stations. 

Mr.  Huston.  I  do  not  think  it  advisable  to  meet  with  the  Associa- 
tion of  Agricultural  Colleges  and  Experiment  Stations. 

Mr.  Myers.  I  agree  with  the  president.  The  proceedings  of  the  two 
conventions  are  of  an  entirely  different  character  and  would  conflict 
with  one  another  by  coming  together.     The  projier  function  of  the 
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agricultural  colleges  and  experiment  stations  is  the  discussion  of  exec- 
utive matters  and  questions  of  organization.  The  proper  function  of 
this  association  is  the  discussion  of  methods  and  scientific  questions, 
and  we  do  not  \Yant  to  get  these  things  mixed  up.  It  makes  no  differ- 
ence to  me  when  the  meeting  is  held,  but  it  should  be  held  early  enough 
so  that  chemists  who  have  charge  of  fertilizer  inspection  in  the  South 
could  get  hold  of  the  methods  in  time  to  use  them  for  the  year.  Novem- 
ber makes  it  too  late  for  that.  I  don't  think  it  desirable  to  connect 
ourselves  in  any  way  with  the  other  association. 

Mr.  Kawls  said  he  preferred  Washington  as  the  place  of  meeting. 
It  looked  better  to  the  authorities.  He  said  that  in  Florida  they  com- 
mence fertilizer  work  early,  and  like  to  get  the  bulletins  as  early  as 
possible. 

Mr.  Huston.  It  makes  no  difference  to  me  when  the  meeting  is  held. 
Does  the  association  wish  to  fix  the  place  of  meeting?^ 

Mr.  LiXDSEY.  I  think  the  association  voted  to  hold  the  meetings  la 
Washington,  and  this  has  not  been  changed, 

Mr.  Myeks.  I  move  the  matter  be  referred  to  the  executive  commit- 
tee, with  i^ower  to  act. 

After  some  discussion,  the  motion  was  withdrawn,  and  the  chairmau 
called  for  the  report  of  the  committee  on  changes  in  methods  of  analysis 
of  distilled  liquors. 

Mr.  LiNDSEY.  The  committee  recommends  the  following  in  regard 
to  distilled  liquors:  That  in  the  alcohol  determinations  the  use  ol  the 
mercury  valve  be  discontinued. 

Recommendation  adopted. 

Mr.  LiXDSEY.  That  in  the  glycerol  determination  there  be  added  to 
the  method  after  the  words  -'water  oven  "  the  follow^ing:  "  and  weighed, 
the  ash  determined  in  it,  and  its  weight  deducted  from  that  of  the 
weighed  residue.'' 

Recommendation  adopted. 

That  the  directions  for  the  determination  of  alcohol  be  made  to  read 
as  follows : 

II.— Determixatiox  of  Alcohol — 
(a)  In  fermented  h<]nor.s, 

(1)  By  iceight. — One  hundred  cc  of  the  hquor  are  measured  into  a  lla^^k  of  from  250 
to  300  cc  capacity,  50  cc  of  water  added,  the  flask  attached  to  a  vertical  condenser 
by  means  of  a  bent  tube,  and  100  cc  distilled.  The  specific  gravity  of  the  distillate 
is  determined  as  in  1.  The  distillate  is  also  weighed,  or  "its  weight  calculated  from 
the  specific  gravity.  The  corresponding  percentage  of  alcohol  by  weight  is  obtained 
from  the  appended  table,  and  this  figure  multiplied  by  the  weight  of  the  distillate, 
and  the  result  divided  by  the  weight  of  the  sample  taken,  gives  the  per  cent  of 
alcohol  by  weight. 

(2)  By  volninc.—The  percentage  of  alcohol  by  volume  of  the  li(iuor  is  the  same  as 
that  of  the  distillate,  and  is  obtained  from  the  appended  table. 

(h)  In  distilled  liquors. 
(1)  Bij  ireifjht.—Ahowt  SO  grams  of  the  li(iuor  are  weighed,  diluted  to  150  cc  100  cc 
distilled,  and  the  per  cent  of  alcohol  by  weight  determined  as  umler  leruunted 
liquors. 
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(2)  By  volume. — The  percentage  of  alcohol  by  volume  in  the  distillate  is  obtained 
from  the  appended  table,  this  figure  divided  by  the  volume  of  the  liquor  taken  for 
the  determination  (calculated  from  the  specific  gravity),  and  the  result  multiplied 
by  100, 

Recommendatious  adopted.  \ 

The  president  then  asked  if  there  was  any  further  business  before 
the  meeting. 

Mr.  Lindsey  asked  if  there  were  no  associate  reporters  to  be  appointed. 

Mr.  Huston.  Tbe  appointment  of  reporters,  of  abstract  committee, 
and  of  the  editing  committee  is  in  the  hands  of  the  president  elect. 

Mr.  Ross  then  announced  the  appointment  of  reporters  and  associate 
reporters  (see  list  of  officers). 

The  i^resident  thereupon  declared  the  convention  adjourned. 
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CONSTITUTION  OF  THE  ASSOCIATION  OF  OFFICIAL  AGRICULTU- 
RAL CHEMISTS. 


(1)  This  association  shall  be  known  as  the  Association  of  Official  Agricnltural 
Chemists  of  the  United  States.  Tlie  objects  of  the  association  shall  be  (1)  to  secnre 
uniformity  and  accuracy  of  the  methods,  results,  and  ii.odes  of  statements  of  analy- 
sis of  fertilizers,  soils,  cattle  foods,  dairy  products,  aiul  other  materials  connected 
with  agricultural  industry;  (2)  to  afford  opportunity  for  the  discussion  of  matters 
of  interest  to  agricultural  chemists. 

(2)  Analytical  chemists  connected  with  the  United  States  Depaitment  of  Agricul- 
ture, or  with  any  State  or  national  agricultural  experiment  station  or  agricultural 
college,  or  with  any  State  or  national  institution  or  body  charged  with  official  con- 
trol of  the  materials  named  in  section  1,  shall  alone  bo  eligible  to  membershij),  and 
one  such  representative  for  each  of  these  institutions  or  boards,  when  properly 
accredited,  shall  be  entitled  to  enter  motions  or  vote  in  tlie  association.  Only  such 
chemists  as  are  connected  with  institutions  exercising  official  fertilizer  control  shall 
vote  on  questions  involving  methods  of  analyzing  fertilizers.  Any  person  eligible 
to  membership  may  become  a  member  at  any  meeting  of  the  association  by  present- 
ing proper  credentials  and  signing  this  constitution.  All  members  of  the  association 
who  lose  their  right  to  such  membership  by  retiring  from  positions  indicated  as 
requisite  for  membership  shall  be  entitled  to  become  honorary  members,  and  to  have 
all  privileges  of  membership  save  the  right  to  hold  office  and  vote.  All  analytical 
chemists  and  others  interested  in  the  objects  of  the  association  may  attend  its  meet- 
ings and  take  part  in  its  discussions,  but  sha'l  not  be  entitled  to  enter  motions  or 
vote. 

(3)  The  officers  of  the  association  shall  consist  of  a  president,  a  vice-president, 
and  a  secretary,  who  shall  also  act  as  treasurer;  and  these  oflScers,  together  with 
two  other  members  to  be  elected  by  the  association,  shall  constitute  the  executive 
committee.  When  any  officer  ceases  to  bo  a  member  by  reason  of  withdrawing  from 
a  department  or  board  whose  members  are  eligible  to  membership  his  office  shall  be 
considered  vacant,  and  a  successor  may  be  appointed  by  the  executive  committee, 
to  continue  in  office  till  the  annual  meeting  next  following. 

(4)  There  shall  be  ajipointed  by  the  president,  at  the  regular  annual  meeting,  a 
reporter  and  associate  reporter  for  each  of  the  subjects  to  be  considered  by  the 
association. 

It  shall  be  the  duty  of  these  reporters  to  prepare  and  distribute  samples  and  stand- 
ard reagents  to  members  of  the  association  and  others  desiring  the  same;  to  furnish 
blanks  for  tabulating  analyses,  and  to  present  at  the  annual  meeting  the  results  of 
work  done,  discussion  thereof,  and  recommendations  of  methods  to  be  followed. 

(5)  The  special  duties  of  the  officers  of  the  association  shall  be  further  defined, 
when  necessary,  by  the  executive  committee. 

(6)  The  annual  meeting  of  this  association  shall  be  held  at  such  place  as  shall  be 
decided  by  the'associatiou,  and  at  such  time  as  shall  be  decided  by  the  executive 
committee,  and  announced  at  least  three  months  before  the  time  of  meeting. 
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(~ )  No  chauges  sliall  be  made  in  the  methods  ol  tcriiiizer  analyses,  except  by 
imainmous  consent,  autil  an  oi>i)ort unity  shall  have  been  given  all  oflficial  chemists 
having  charge  of  fertilizer  work  to  test  the  proposed  changes. 

(8)  Special  meetings  shall  be  called  by  the  executive  committee  wlien  in  its  judg- 
ment it  shall  be  necessary,  or  on  the  written  request  of  five  members;  and  at  any 
meeting,  regular  or  special,  seven  enrolled  members  entitled  to  vote  shall  constitute 
a  quorum  for  the  transaction  of  business. 

(9)  The  executive  committee  will  confer  with  the  official  boards  represented  with 
reference  to  the  payment  of  expenses  connected  with  the  meetings  and  publication 
of  the  proceedings  of  the  association. 

(10)  All  proposed  alterations  or  amendments  to  this  constitution  shall  be  referred 
to  a  select  committee  of  three  at  a  regular  meeting,  and  after  rejjort  from  such  com- 
mittee may  be  adopted  by  the  approval  of  two-thirds  of  the  members  present  entitled 
to  vote. 
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